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Editorials,  Commentaries,  and  Reviews  To  Note 

Helping  City  Children  Control  Asthma  (Medical  News  &  Perspectives) — C  Marwick.  JAMA 

1997:277(19):  1503-1504. 

I  In  lull  NIH  Consensus  Statement  on  Genetic  Testing  for  Cystic  Fibrosis  is  available  by  call- 
ing (888)  644-2667  (toll  free)  or  at  the  NIH  Consensus  Program  Web  Site  at  http://consensus.nih.gov 

Enhancing  Peer  Review  of  Scientific  Manuscripts  ( Editorial ) — RJ  Goldberg,  JE  Dalen.  Arch  Intern 
Med  1997;157:380-382. 


Prone  Positioning  and  Low -Volume  Pressure- 
Limited  Ventilation  Improve  Survival  in 
Patients  with  Severe  ARDS— R  Stocker.  T Neff. 
S  Stein.  E  Ecknauer.  O  Trent/.,  E  Russi.  Chest 
1997:11 1(4):I008. 

OBJECTIVES:  Investigating  the  effect  of  low- 
volume  pressure-limited  ventilation  and  repeated 
prone  positioning  on  the  short-term  course  and 
outcome  in  patients  with  severe  ARDS.  SETTING: 
Level  1  trauma  center  of  a  university  hospital. 
PATIENTS:  Twenty-five  patients  suffering  from 
ARDS  with  a  lung-injury  score  (LIS)  >  22.5  admit- 
ted consecutively  to  our  ICU  from  January  1992 
to  December  1994.  METHODS:  Mechanical  ven- 
tilation with  peak  inspirator)  pressure  limitation 
to  35  mbar,  irrespective  of  h)  percapnia  and  prone 
positioning  to  achieve  adequate  oxygenation. 
SCORING  &  MEASUREMENTS:  Patient  assess- 
ment with  LIS.  APACHE  (acute  phy  siology  and 
chronic  health  evaluation)  II  score,  injury  sever- 
ity score,  and  multiple  organ  failure  score.  Blood 
gas  analyses  anil  estimation  of  static  compliance 
were  repeated  at  least  ever)  4  hours  during  the 
treatment  period  P.,,  ,/F|< >,  ( fraction  of  inspired 
oxygen)  ratio,  alveolo-arterial  oxygen  difference, 
and  intrapulmonary  shunt  were  calculated  accord- 
ing to  standard  equations.  The  best  values  taken 
from  each  4-hour  period  during  the  investigation 
were  used  to  evaluate  the  best  possible  perfor- 
mance of  tlie  lung  within  this  interval  and  to  mves 
tigate  (he  entire  course.  RESULTS:  Mean  pre- 
dicted mortality  based  on  (lie  APACHE  II  score 
was  35.4  ±15.2%.  Three  of  the  25  patients  (12%) 
died.  However,  none  was  related  to  respiratoiv 
failure  No  pneumothorax  occurred.  Sixteen 
patients,  lacking  an)  contraindication  for  prone 
positioning,  responded  positivel)  to  this  change 
in  position,  each  to  a  different  mdiv  idual  degree. 
CONCLUSU  IN  W  e  assume  that  our  low  mor- 
tality in  patients  w  ith  sev  ere  ARDS  might  be  due 


mainly  to  low-volume  pressure-limited  ventila- 
tion and  prone  positioning.  This  simple  strategy 
seems  to  allow  successful  treatment  for  patients 
with  severe  ARDS. 

A  Community-Based  Regional  Ventilator 
Weaning  L  nit:  Development  and  Outcomes — 

PH  Bagley,  E  Cooncy   Chest  1997:1 1 1(4):  1024. 

OBJECTIVE:  Descnplion  of  (he  development  of 
a  community-based  weaning  unit  and  the  outcomes 
from  that  unit.  DESIGN:  Review  ot  admissions. 
classified  by  etiology  of  ventilator  dependence, 
w  ith  attention  to  disposition,  length  of  slay,  and 
lime  to  wean.  SETTING:  Long-term  acute-care 
facility  in  Worcester.  Mass.  PATIENTS:  Two  hun- 
dred seventy-eight  ventilator-dependent  patients 
admitted  to  a  ventilator  unit  from  1988  through 
May  1995.  Admissions  criteria  did  not  include 
prognostic  considerations.  INTERVENTIONS: 
Selected  patients  were  entered  into  a  formal  wean- 
ing program  beginning  in  1992.  MEASURE- 
MENTS: Through  the  study  period,  there  was  a 
substantial  growth  in  annual  admissions,  primarily 
due  to  increases  in  patients  surviving  a  catastrophic 
acute  illness.  Overall.  107  ol  278  t38r; )  patients 
were  liberated  from  nieehaiiie.il  ventilation  for  at 
least  7  consecutive  days  and  nighLs.  Of  the  patients 
admitted  1993to  1995,319!  died.  20',  were  dis- 
charged to  a  long-term  care  facility .  29' ,  returned 
home,  and  IS'r  either  remained  as  residents  of 
the  unit  or  had  been  transferred  to  acute-care  facil- 
ities and  were  unavailable  tor  follow-up.  The  high- 
est weaning  success  was  seen  in  patients  with  ven- 
tilator dependence  from  postoperative  causes 
( 58'  i  i  and  acute  lung  injury  1 57'  <  I;  the  least  suc- 
cess was  seen  in  patients  with  ventilator  depen- 
dence from  COPD  and  neuromuscular  diseases 
( 22' .  each  I.  The  average  time  from  admission  to 
weaning  fell  within  each  diagnostic  category 
throughout  the  study  period.  CONCLL'SK  >NS 


Rehabilitation-based  ventilator  weaning  units  play 
an  important  role  in  the  spectrum  of  medical  care 
necessary  in  population  centers.  Excellent  results 
can  result  from  community-based  units  with  open 
admissions  policies. 

Performance  Characteristics  of  Bilevel  Pres- 
sure Ventilators:  A  Lung  Model  Study — T  Bun- 
buraphong.  H  Imanaka.  M  Nishimura.  D  Hess. 
RM  Kacmarek.  Chest  1997:1 1 1(4):  1050. 

Bi-level  pressure  ventilators  are  being  used  increas- 
ingly to  provide  noninvasive  ventilator  support 
in  the  management  of  obstructive  sleep  apnea, 
chronic  ventilatory  failure,  and  acute  respiratory 
failure.  However,  the  ability  of  these  ventilators 
to  respond  to  inspiratory  demand  without  impos- 
ing expiratory  loads  has  not  been  evaluated  exten- 
sively .  We  evaluated  (he  performance  of  9  bi-level 
pressure  ventilators  in  a  lung  model,  as  compared 
with  the  Nellcor  Puritan-Bennett  7200ae  adult  crit- 
ical care  ventilator.  All  ventilators  were  set  to  pro- 
vide  pressure  support  ventilation  (PSV)and  pos- 
itive end-expiratory  pressure  (PEEP)  at  a  rate  of 
10  breatlis/min  with  an  inspiratory  time  of  1 .0  sec- 
ond. Simulated  pleural  pressure,  airway  pressure. 
and  How  at  airway  opening  were  continuously 
monitored.  We  studied  the  effects  of  3  PSV  lev- 
els (5,  |().  and  15  cm  ILOl  with  5  cm  H;0  PEEP 
at  2  lung  compliances  (50  and  80  mL/cm  H;0) 
and4  peak  inspiratory  How  demands ( 20. 40, 60. 
and  80  L/min)  on  7  dependent  variables:  inspi- 
ratory delay  time  (D-l).  inspiratory  trigger  pres- 
sure I  P-l ),  inspiratory  area  percent  (  Area  I  ' ,  I.  ex- 
piratory delay  time  (D-E).  supraplateau  expiratory- 
pressure  change  I  P-El.  expiratory  area  (Area  E), 
and  ventilator  peak  How  ( VPF).  Most  ventilators 
performed  as  well  as  or  significantly  (p  <  0.05) 
better  than  the  7200ae  in  all  studied  variables. 
Compliance  did  not  significantly  affect  ventila- 
tor performance.  Increasing  inspiratory  flow 
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demand  significantly  (p  <  0.05)  increased  D-I.  P-I. 
P-E,  and  VPF  and  decreased  Area  I  %  with  most 
ventilators.  As  ventilator)  demand  increased.  D-E 
and  Area  E  significantly  (p  <  0.05 )  changed.  With 
some  units,  D-E  and  Area  E  increased,  while  with 
others  they  decreased.  Most  bi-level  pressure  ven- 
tilators evaluated  were  able  to  respond  to  high  ven- 
tilatory demands  and  outperformed  the  Nellcor 
Puritan-Bennett  7200ae  ventilator. 

The  Components  of  a  Respiratory  Rehabili- 
tation Program:  A  Systematic  Overview — Y 

Lacasse,  GH  Guyatt.  RS  Goldstein.  Chest  1997; 
111(4):1077. 

OBJECTIVE:  To  determine  the  contribution  of 
the  various  components  of  a  rehabilitation  pro- 
gram to  the  improvement  of  exercise  capacity  and 
health-related  quality  of  life  (HRQL)  in  patients 
with  COPD.  DATA  SOURCES:  MEDLINE 
( 1966  to  April  1996)  was  searched.  Abstracts  pre- 
sented at  international  conferences  were  also  hand 
searched  for  additional  relevant  trials.  Bibliogra- 
phies of  the  retrieved  articles  were  reviewed. 
Experts  in  rehabilitation  w  ere  consulted  to  uncover 
unpublished  trials.  STUDY  SELECTION:  Ran- 
domized controlled  trials  (RCTs)  of  exercise  train- 
ing, breathing  exercises,  education,  and  psycho- 
social support  in  patients  with  COPD  were 
primarily  included  if  ( 1 )  the  treatment  effect  of 
a  specific  component  of  a  rehabilitation  program 
could  be  isolated,  and  (2)  exercise  capacity. 
HRQL.  compliance  with  medical  therapy,  and/or 
knowledge  about  the  disease  were  measured. 
DATA  SYNTHESIS:  A  best-evidence  synthesis 
was  conducted;  22  RCTs  contributed  to  the  anal- 
ysis. We  found  the  following:  (1)  the  patients 
exposed  to  interventions  that  included  exercise 
training  improved  their  functional  exercise  capac- 
ity and  HRQL;  (2)  exercise  training  was  muscle 
specific:  (3)  the  evidence  to  support  inspiratory 
muscle  training  and  other  breathing  exercise  as 
an  adjunct  to  exercise  training  in  COPD  remains 
equivocal;  (4)  the  contribution  of  education  has 
not  been  well  addressed:  and  (5 )  psychosocial  sup- 
port reduced  dyspnea  acutely  and.  when  used  as 
an  adjunct  to  rehabilitation,  promoted  compliance 
with  an  exercise  regimen  and  improved  HRQL. 
CONCLUSION:  Respiratory  rehabilitation  is 
likely  to  improve  functional  exercise  capacity  and 
HRQL  if  it  includes  exercise  training  and  psy- 
chosocial support.  Further  research  is  required  to 
better  define  the  types  and  intensity  of  exercise 
as  well  as  the  influence  of  respiratory  muscle  train- 
ing and  patient  education. 

Certified  First  Responder:  A  Comprehensive 
Model  for  Pediatric  Training — D  Markenson, 
G  Foltin.  M  Tunik.  A  Cooper.  M  Treiber.  C  Wel- 
bom.  et  al.  Pediatr  Emerg  Care  1997:13(2):  134. 

The  purpose  of  this  document  is  to  present  a  gen- 
eral approach  to  educating  the  First  Responder  in 
Emergency  Pediatric  Care.  The  First  Responder 


is  especially  important  in  the  emergency  care  of 
the  sick  or  injured  child.  The  majority  of  mortality 
and  morbidity  associated  with  pediatric  emer- 
gencies is  a  result  of  airway  and  ventilatory  com- 
promise. In  addition,  most  airway  and  ventilation 
problems  can  be  corrected  with  only  basic  life  sup- 
port interventions  that  are  w  ithin  the  scope  of  prac- 
tice of  the  First  Responder.  As  a  result,  it  is  of 
paramount  importance  to  assure  that  the  First 
Responder  is  adequately  trained  in  the  initial  care 
of  the  pediatric  patient.  This  document  will  review 
some  of  the  key  objectives  and  topics  which  the 
First  Responder  needs  to  understand  in  order  to 
adequately  care  for  children  until  further  emer- 
gency care  arrives.  Templates  for  lesson  plans  and 
suggested  activities  for  training  the  First  Respon- 
der are  also  presented. 

Hvperpnea-Induced  Changes  in  Parenchymal 
Lung  Mechanics  in  Normal  Subjects  and  in 
Asthmatics — DA  Kaminsky.  SE  Wenzel.  C  Car- 
cano.  D  Gurka.  D  Feldsien.  CG  Irvin.  Am  J  Respir 
Cnt  Care  Med  1997:155:1260. 

The  effects  of  hyperpnea  on  parenchymal  lung 
mechanics  are  unknow  n.  but  they  may  contribute 
to  the  resultant  airflow  limitation  commonly  seen 
in  asthma.  To  investigate  these  effects,  we  mea- 
sured the  following  parameters  in  7  asthmatic  and 
6  normal  subjects  before  and  after  5  minutes  of 
hyperpnea:  specific  conductance,  upstream  resis- 
tance, static  compliance,  the  coefficient  of  retrac- 
tion, lung  volumes,  lung  hysteresis,  and  the  ratio 
of  maximal  to  partial  flow  rates  (the  M:P  ratio, 
an  indicator  of  the  effect  of  deep  inhalation  on  air- 
flow, and  a  measure  of  relative  airway  and  paren- 
chymal hysteresis).  In  addition  to  a  central  effect 
on  the  airways,  as  shown  by  significant  falls  in 
specific  conductance,  hyperpnea  in  asthmatics, 
but  not  in  normal  subjects,  resulted  in  significant 
increases  in  residual  volume  and  pressure-volume 
hysteresis,  suggestive  of  changes  in  parenchymal 
lung  mechanics.  The  M:P  ratio  also  increased  in 
the  asthmatics,  consistent  with  greater  increases 
in  airway  than  in  parenchymal  hysteresis  after 
In  perpnea.  We  conclude  that  hyperpnea  has  sig- 
nificant effects  on  the  lung  parenchyma  that  con- 
tribute to  airflow  limitation  in  asthmatics,  and  we 
hypothesize  that  these  effects  may  be  due  to  alter- 
ations in  peripheral  airway  smooth  muscle  tone 
and  surfactant  function. 

Failure  of  Aggressive  Therapy  To  Alter  Out- 
come in  Pediatric  Near-Drowning — L  Spack, 
R  Gedeit.  M  Splaingard.  PL  Havens.  Pediatr 
Emerg  Care  1997;13(2):98. 

OBJECTIVES:  To  identify  predictors  of  outcome 
in  pediatric  near-drowning  victims,  and  to  mea- 
sure the  effectiveness  of  therapy  in  pediatric  near- 
drowning  victims  by  assessing  clinical  outcome 
as  a  function  of  injury  severity  at  presentation  and 
therapeutic  interventions  during  hospitalization. 
DESIGN:  Retrospective  chart  review  at  a  tertiary- 


care  university  associated  Children's  Hospital  from 
January  1976  to  July  1992.  MEASUREMENTS 
&  MAIN  RESULTS:  Initial  intensive  care  unit 
(ICU)  assessment  included  a  Glasgow  Coma  Score 
( GCS )  and  a  Pediatric  Risk  of  Mortality  ( PRISM ) 
Score.  Outcome  was  assessed  using  a  standard 
scoring  system  classifying  functional  abilities  at 
hospital  discharge  as  no  functional  disability1,  inde- 
pendent, partially  independent,  or  total  dependence 
on  caregivers  for  function.  Forty  (49%)  of  81  died. 
Of  the  survivors.  26  (63%  )  had  no  functional  dis- 
ability or  were  partially  dependent  at  hospital  dis- 
charge. Of  the  47  (64%)  patients  with  a  GCS  < 
4  on  presentation  to  the  ICU,  37  (79% )  died  and 
10(21%)  were  dependent  in  all  areas  of  function 
at  discharge.  Of  the  40  (60% )  patients  who  had 
a  PRJSM  score  <  20, 98%  either  died  or  were  com- 
pletely dependent  at  discharge.  Of  the  49  patients 
who  were  asystolic  upon  arrival  to  the  emergency 
department  (ED),  76%  died,  and  the  rest  were 
completely  dependent.  Logistic  regression  showed 
that  therapy  had  no  independent  effect  on  outcome 
when  disease  severity  was  accounted  for.  CON- 
CLUSIONS: Severity  of  illness  measured  by  GCS 
and  PRISM  score  in  the  ICU  can  be  useful  in  pre- 
dicting outcome.  For  patients  cared  for  in  a  Pedi- 
atric Intensive  Care  Unit,  those  with  asystole  on 
arrival  at  the  ED  had  uniformly  poor  outcome.  Cur- 
rently available  therapies  do  not  alter  outcome. 


With  the  Reader 

Service  Reply  Card,  Ydu 

Can  Stop  Searching  and 

Start  Buying. 


Get  the  facts  on  all  the  products 

and  services  advertised  in  this 

issue  easily  and  quickly. 

The  computerized  Reader 

Service  Reply  Card  does  it  all. 

Simply  fill  in  your  name  and 
address,  check  the  appropriate 
boxes,  and  mail  or  fax  it  to  the 
location  indicated  on  the  card. 


J 


RESPIRATORY  CARE  •  JULY  "97  VOL  42  NO  7 


671 


Super  RT  and  the  Smokebusters  Club 

Complete  Kit  —  Item  PR7L  $45  (S60  nonmembers) 
Order  Item  PR7XL  for  an  XL  shirt 

A  Each  kit  contains  a  Super  RT  T-shirt  (available  in  L  or  XL),  three 
puppets,  three  different  scripts  of  short  plays  to  illustrate  the  dangers  of 
smoking,  30  activity  books,  30  non-smoking  fans,  50  Smokebusters 
stickers,  30  Smokebusters  bags,  and  a  lesson  plan. 
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B  Features  a  colorful  wrap-around  design. 
Item  CONV1    $7  ($10.50  nonmembers) 
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C  Enameled  with  safety  clasp. 

Item  CONV2   $5  ($7.50  nonmembers) 

Santa  Ornament 

D  Made  of  glazed  dough. 

Item  CONV4   $12  ($18  nonmembers) 


Convention  '96  T-shirt 

E  50/50  cotton/polyester,  available  in 
Land  XL. 

Item  CONV3   $12  ($18  nonmembers) 

Sea  Lion 

F  "Respiratory  Care  is  a  Lifesaver." 
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The  (p^MIEJ^respiratory  care  meeting  in  the  world 

AARC  43rd International (Respiratory  Congress 

of  the 

American  Association  for  Respiratory  Care 

(December  6-9,  1997  (Saturday-Tuesday) 
Ernest  %  MoriaC  Convention  Center  •  New  Orleans 

MEDICAL  SOCIETIES  SUPPORT  AARC  CONGRESS  -  Sam  Giordano,  AARC  Executive  Director, 
announced  that,  as  of  the  writing  of  this  Update,  the  following  medical  associations  are  supporting  the  AARC's 
43rd  International  Respiratory  Congress:  American  Association  of  Critical-Care  Nurses;  American  College  of 
Allergy,  Asthma  and  Immunology;  American  Society  of  Electroneurodiagnostics  Technologists;  American 
Society  of  Testing  and  Materials;  Association  of  Polysomnographic  Technologists;  Clinical  Laboratory 
Management  Association;  Respiratory  Nursing  Society;  and  Visiting  Nursing  Association  of  America.  In  accept- 
ing this  support,  Mr.  Giordano  said,  "The  AARC  is  recognizing  the  trend  for  multiskilled  practitioners  and  a  need 
to  share  our  Congress  with  all  who  are  involved  in  the  management  of  respiratory  diseases."  As  part  of  this  sup- 
port, the  organizations  will  promote  the  Congress  to  their  members.  The  AARC  will  also  mail  the  official 
Congress  program  to  the  members  of  these  organizations.  The  final  result,  Mr.  Giordano  added,  "should  be  the 
best-attended  AARC  meeting  ever." 

SCRUSHY  TO  GIVE  KEYNOTE  ADDRESS  -  Richard  Scrushy.  chairman  and  CEO  of  HealthSouth,  will 
deliver  the  Keynote  Address  at  the  43rd  International  Respiratory  Congress.  Mr.  Scrushy  heads  the  nation's 
leading  provider  of  outpatient  surgery  and  rehabilitation  services.  A  former  respiratoiy  therapist,  Mr.  Scrushy  is 
a  key  person  in  today's  health  care  and  a  man  who  uses  a  lot  of  numbers  when  he  talks  . . .  like  1 ,000  patient  care 
locations  in  50  states  and  130  million  people  covered  under  some  type  of  managed  care  agreement.  The  Keynote 
Address  is  scheduled  as  part  of  the  Opening  Session,  Saturday  morning,  December  6. 

FOUNDATION  TO  CONDUCT  SILENT  AUCTION  -  At  this  year's  Congress,  the  American  Respiratory 
Care  Foundation  (ARCF)  is  adding  something  new!  In  an  effort  to  increase  the  amount  of  funds  available  for 
research  projects  and  other  philanthropic  programs,  the  ARCF  is  planning  its  first-ever  Silent  Auction.  The 
Auction  will  offer  attendees  a  good  time  and  the  chance  to  pick  up  bargains  on  personal  electronics,  respiratory 
equipment,  entertainment  packages,  and  more.  Items  will  be  on  display  throughout  the  meeting,  allowing  atten- 
dees to  submit  bids  at  their  convenience. 

KITTREDGE  LECTURER  ANNOUNCED  -  Bill  Galvin,  AARC  Program  Committee  Chair,  announces  that 
Dr.  Neil  Maclntyre,  Professor  of  Medicine  and  Medical  Director  of  Respiratoiy  Care  Services  at  Duke 
University  Medical  Center,  will  give  the  Phil  Kittredge  Memorial  Lecture  at  this  year's  International 
Respiratory  Congress.  One  of  the  two  premier  lectures  at  the  Congress,  the  Kittredge  Lecture  was  established 
13  years  ago  by  the  Program  Committee  to  provide  a  critical  and  incisive  evaluation  of  an  aspect  of  emerging 
or  increasing  importance  to  the  profession.  Dr.  Maclntyre's  lecture,  "Mechanical  Ventilation:  The  Next  50 
Years,"  is  scheduled  for  Monday,  December  8. 

HISTORICAL  EXHIBIT  -  The  AARC  is  celebrating  its  50th  Anniversary  in  1997  and  we  are  invitin  to 

visit  our  special  Historical  Exhibit  in  New  Orleans  (in  the  Exhibit  Hall  during  exhibit  hours).  You  ant  to 

miss  the  opportunity  to  experience  how  our  profession  evolved  into  a  vital  element  of  today's  health  c  ire  team! 
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Interpreting  Small  Differences  in  Functional 
Status:  The  Six-Minute  Walk  lest  in  Chronic 
Lung  Disease  Patients — DA  Redelmeier,  AM 

Bayoumi.  RS  Goldstein,  GH  Guyatt.  Am  J  Respir 
Cril  Care  Med  1947:155:1278. 

Functional  status  measurements  are  often  diffi- 
cult lo  interpret  because  small  differences  may 
be  statistically  significant  but  not  clinically  sig- 
nificant. How  much  docs  the  Six-Minute  Walk 
test  (6MW)  need  to  differ  lo  signify  a  noticeable 
difference  in  walking  ability  for  patients  with 
chronic  obstructive  pulmonary  disease  (COPD) .' 
We  studied  individuals  with  stable  COPD  (n  = 
I  12.  inc. in  age  67  y  r.  mean  FEV|  =975  mL.l 
and  estimated  the  smallest  difference  in  6MW  dis- 
tances that  was  associated  with  a  noticeable  dif- 
ference in  patients'  subjective  comparison  ratings 
of  their  walking  ability.  We  found  that  the  6MW 
was  significantly  correlated  with  patients'  ratings 
of  their  walking  ability  relative  to  other  patients 
(r  =  0.59.  959f  confidence  interval  [CI]:  0.54  to 
0.63 ).  Distances  needed  to  differ  by  54  m  for  the 
average  patient  to  stop  rating  themselves  as  "about 
the  same"  and  start  rating  themselves  as  either  "a 
little  bit  better"  or  "a  little  bit  worse"  (9595  CI: 
37  to  7 1  m).  We  suggest  that  differences  in  func- 
tional status  can  be  statistically  significant  but 
below  the  threshold  at  winch  patients  notice  a  dif- 
ference in  themselves  relative  to  others;  an  aware- 
ness of  the  smallest  difference  in  walking  distance 
that  is  noticeable  to  patients  may  help  clinicians 
interpret  the  effectiveness  oi  sy Diplomatic  treat- 
ments for  COPD. 

Adult  Patients  May  Outgrow  Their  Asthma: 
A  25-Year  Follow-Up  Study— CIM  Panhuysen, 
JM  Vonk.  GH  Koeter.  JP  Schouten.  R  van  Altena. 
ER  Bleecker.  DS  Postma.  Am  J  Respir  Crit  Care 
Med  1997:155:1267. 

The  present  study  investigated  the  outcome  ol 
asthma  in  a  population  of  181  adult  patients  13 
u  >  44  years  of  age  ( median.  24  yr)  who  were  exten- 
sively tested  between  1962  and  1 970 and  in  whom 
asthma  was  diagnosed.  When  retested  25  years 
later.  38  subjects  (21%)  did  not  show  bronchial 
hyperresponsiveness  (BHR)  (PC:u  >  16  mg/ml.i. 
45  subjects  (259! )  showed  a  FEV'i  >  90%  pre- 
dicted, and  72  subjects  (4095  )  did  not  report  pul- 
monary symptoms.  When  absence  of  asthma  was 
defined  as  no  BHR.  FEV,  >  909i  predicted,  and 
the  absence  of  pulmonary  symptoms  reported  by 
the  patient,  20 subjects  1 1 1' « I  were  no  longer  con- 
sidered asthmatic  when  retested  Absence  of  asth- 
ma after  25  years  was  associated  with  a  youngei 
age  and  less  severe  airwaj  Obstruction  at  fust  test- 
ing, odds  ratios  it  )Ri  being  o  36  for  age/ 10  years, 
and  1 .42  for  FEVi/height2  (dL/mr>.  Absence  of 
BHR  was  associated  with  a  youngei  age.  a  higher 
FEV|.  and  a  shorter  untreated  period  (years  be- 
tween onset  ol  asthma  symptoms  and  specialized 
treatment  of  the  disease)  al  first  testing,  and  a  lower 
total  serum  Is>E  level  1 1171  i  at  second  testing  (OR, 


0.48  for  age/10  yr:  OR.  1.37  for  FEV, /height2; 
OR.  0.93  for  untreated  period;  OR.  0.33  for  log 
[IgE]).  Neither  sex  nor  atopy  ( 1  or  more  positive 
skin  tests)  were  significant  determinants  of  the 
outcome  of  both  asthma  and  BHR.  Our  results 
suggest  that  in  a  substantial  proportion  of  symp- 
tomatic asthmatics  the  disease  improved,  and  that 
subsets  may  outgrow  their  asthma,  even  in  adult- 
hood. The  data  lend  indirect  support  to  the  hypoth- 
esis that  milder  disease  and  earlier  intervention 
are  important  for  a  beneficial  outcome  of  asthma. 

Bovine  Surfactant  Therapy  for  Patients  « ilh 
Acute  Respiratory  Distress  Syndrome — TJ  Gre- 
gory. KP  Steinberg.  R  Spragg.  JE  Gadek.  TM 
Hyers.  WJ  Longmore.  et  al.  Am  J  Respir  Crit  Care 
Med  1997:155:1309. 

Lung  surfactant  is  deficient  in  patients  w  ilh  acute 
respiratory  distress  syndrome  (ARDS).  We  per- 
formed a  randomized,  prospective,  controlled, 
open-label  cluneal  study  of  administration  of  a 
bovine  surfactant  to  patients  w  ith  ARDS  to  obtain 
preliminary  information  about  its  safety  and  effi- 
cacy. Patients  received  either  surfactant  by  endo- 
tracheal instillation  in  addition  to  standard  ther- 
apy or  standard  therapy  only.  Three  different 
groups  of  patients  receiving  surfactant  were  stud- 
ied: patients  receiving  up  to  8  doses  of  50  nig  phos- 
pholipids/kg,  those  receiving  up  to  8  doses  of  100 
nig  phospholipids/kg.  and  those  receiving  up  to 
4  doses  of  100  mg  phospholipids/kg.  Outcome 
measures  included  ventilatory  support  parame- 
ters, arterial  blood  gases,  organ  system  failures, 
bronchoalv  eolar  lavage  (BAL)  analyses,  immuno- 
logic analyses,  survival,  and  adverse  events  dur- 
ing the  28-day  study  period.  Fifty-nine  study 
patients  were  evaluable;  43  in  the  surfactant  group 
and  16  in  the  control  group.  The  Fk>.  at  1 20  hours 
after  treatment  began  was  significantly  decreased 
only  for  patients  who  received  up  to  4  doses  of 
100  mg  phospholipids/kg  surfactant  as  compared 
with  control  patients  (p  =  0.01 1 ).  Mortality  in  the 
same  group  of  patients  was  1 8.8%,  as  compared 
w  ith  43.8'  I  in  the  control  group  (p  =  0.075).  The 
surfactant  instillation  was  generally  well  tolerated. 
and  no  safety  concerns  were  identified.  This  pilot 
study  presents  preliminary  evidence  diat  surfactant 
might  have  therapeutic  benefit  for  patients  with 
ARDS.  and  provides  rationale  for  further  clun- 
eal study  of  this  agent. 

Quality  of  Life  Changes  in  COPD  Patients 

Treated  « ith  Salmeterol — PW  Jones.  TK  Bosh. 
Am  J  Respir  Crit  Care  Med  1997:155:1283. 

Changes  in  health-related  quality  of  life  (HRQoL) 
were  evaluated  in  patients  with  chronic  obstruc- 
tive pulmonary  disease  (COPD)  following  treat- 
ment with  placebo,  salmeterol  50 /rg  twice  a  day 
or  100  Jtg  twice  a  day  by  metered-dose  inhaler. 
Patients  completed  the  disease-specific  St  George's 
Respiratory  Questionnaire  (SGRQ)  and  the  Med- 
ical Outcomes  Studv  Short  Form  36  (SF-36)  at 
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baseline  and  after  16  weeks  of  treatment.  Data 
from  283  patients  (95  patients  in  the  placebo  group 
and  94  in  each  salmeterol  group)  were  available 
for  HRQoL  analysis.  Apart  from  a  small  differ- 
ence in  ages,  all  treatment  groups  were  well 
matched  at  baseline  in  terms  of  forced  expiratory 
volume  in  1  second  (FEV| )  and  HRQoL  scores. 
Compared  with  placebo,  salmeterol  50  j/g  twice 
a  day  was  associated  with  significant  improve- 
ments in  SGRQ  "Total"  and  "Impacts"  scores 
which  exceeded  the  threshold  for  a  clinically  sig- 
nificant change.  This  was  not  seen  with  salme- 
terol 100  ng  twice  a  day.  Changes  in  SGRQ  and 
SF-36  scores  correlated.  They  also  showed  a  weak 
but  significant  relationship  with  FEV|.  This  study 
has  shown  that  a  modest  change  in  lung  function 
may  be  associated  with  clinically  significant  gain 
in  health  and  well-being  in  COPD  patients. 

Adverse  Drug  Events  in  Hospitalized  Patients: 
Excess  Length  of  Stay,  Extra  Costs,  and 
Attributable  Mortality— DC  Classen.  SL  Pestot- 
nik.  RS  Evans,  JF  Lloyd.  JP  Burke.  JAMA  1997; 
277(41:301. 

OBJECTIVE:  To  determine  the  excess  length  of 
stay,  extra  costs,  and  mortality  attributable  to 
adverse  drug  events  (ADEs)  in  hospitalized 
patients.  DESIGN:  Matched  case-control  study. 
SETTING:  The  LDS  Hospital,  a  tertiary  care 
health  care  institution.  PATIENTS:  All  patients 


admitted  to  LDS  Hospital  from  January  I.  1990, 
to  December  31.1 993,  were  eligible.  Cases  were 
defined  as  patients  with  ADEs  that  occurred  dur- 
ing hospitalization;  controls  were  selected  accord- 
ing to  matching  variables  in  a  stepwise  fashion. 
METHODS:  Controls  were  matched  to  cases  on 
primary  discharge  diagnosis  related  group  (DRG). 
age.  sex.  acuity,  and  year  of  admission;  varying 
numbers  of  controls  were  matched  to  each  case. 
Matching  was  successful  for  71%  of  the  cases, 
leading  to  1 ,580  cases  and  20. 197  controls.  MAIN 
OUTCOME  MEASURES:  Crude  and  attributable 
mortality,  crude  and  attributable  length  of  stay, 
and  cost  of  hospitalization.  RESULTS:  ADEs 
complicated  2.43/100  admissions  to  the  LDS  Hos- 
pital during  the  study  period.  The  crude  mortality 
rates  for  the  cases  and  matched  controls  were 
3.5%  and  1.05%.  respectively  (p  <  0.001 ).  The 
mean  length  of  hospital  stay  significantly  differed 
between  the  cases  and  matched  controls  (7.69  vs 
4.46  days;  p  <  0.00 1 )  as  did  the  mean  cost  of  hos- 
pitalization ($10,010  vs  $5,355:  p  <  0.001 ).  The 
extra  length  of  hospital  stay  attributable  to  an 
ADE  was  1.74  days  (p  <  0.001 ).  The  excess  cost 
of  hospitalization  attributable  to  an  ADE  was 
$2,013  (p  <  0.001 ).  A  linear  regression  analy- 
sis for  length  of  stay  and  cost  controlling  for  all 
matching  variables  revealed  that  the  occurrence 
of  an  ADE  was  associated  with  increased  length 
of  stay  of  1.91  days  and  an  increased  cost  of 
$2,262  (p  <  0.001 ).  In  a  similar  logistic  regres- 


sion analysis  for  mortality,  the  increased  risk  of 
death  among  patients  experiencing  an  ADE  was 
1.88  (95%  confidence  interval.  1.54-2.22;  p  < 
0.001 ).  CONCLUSION:  The  attributable  lengths 
of  stay  and  costs  of  hospitalization  for  ADEs  are 
substantial.  An  ADE  is  associated  with  a  sig- 
nificantly prolonged  length  of  stay,  increased  eco- 
nomic burden,  and  an  almost  2-fold  increased  risk 
of  death.  See  the  related  editorial:  Putting 
Adverse  Drug  Events  into  Perspective — J  Avom. 
JAMA  1997;277(4):341-342. 

The  Costs  of  Adverse  Drug  Events  in  Hospi- 
talized Patients— DW  Bates.  N  Spell,  DJ  Cullen. 
E  Burdick.  N  Laird.  LA  Petersen,  et  al  for  the 
Adverse  Drug  Events  Prevention  Study  Group. 
JAMA  1997:277(41:307. 

OBJECTIVE:  To  assess  the  additional  resource 
utilization  associated  with  an  adverse  drug  event 
(ADE).  DESIGN:  Nested  case-control  study  within 
a  prospective  cohort  study.  PARTICIPANTS:  The 
cohort  included  4.108  admissions  to  a  stratified 
random  sample  of  1 1  medical  and  surgical  units 
in  2  tertiary -care  hospitals  over  a  6-month  period. 
Cases  were  patients  with  an  ADE.  and  the  con- 
trol for  each  case  was  the  patient  on  the  same  unit 
as  the  case  with  the  most  similar  pre-event  length 
of  stay.  MAIN  OUTCOME  MEASURES:  Post- 
event  length  of  stay  and  total  costs.  METHODS: 
Incidents  were  detected  by  self-report  stimulated 
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by  nurses  and  pharmacists  and  by  daily  chart 
rc\  ie» .  .ind  were  classified  as  ti  i  w  hether  they  rep- 
resented ADEs.  Information  on  length  of  stay  and 
charges  was  obtained  from  billing  data,  and  costs 
were  estimated  by  multiplying  components  of 
charges  times  hospital-specific  ratios  of  costs  to 
charges.  RESULTS:  During  the  study  period,  there 
were  247  ADEs  among  207  admissions.  After  out- 
liers and  multiple  episodes  were  excluded,  there 
were  14(1  \DEs.  of  which  60  were  preventable. 
In  paired  regression  anal)  ses  adjusting  for  mul- 
tiple factors,  including  severity,  comorbidity,  and 
case  mix.  the  additional  length  of  stay  associated 
with  an  ADE  was  2.2  days  (p  =  0.04).  and  the 
increase  in  cost  associated  with  an  ADE  was 
S3. 244  ip  =  0.04).  For  preventable  ADEs.  the 
increases  were  4.6  days  in  length  of  stay  (p=0.(  13 1 
and  $5,857  in  total  cost  (p  =  0.07).  After  adjust- 
ing for  our  sampling  strategy,  the  estimated 
postevent  costs  attributable  to  an  ADE  were  $2,595 
for  all  ADEs  and  $4,685  for  preventable  ADEs. 
Based  on  these  costs  and  data  about  the  incidence 
of  ADEs,  we  estimate  that  the  annual  costs 
attributable  to  all  ADEs  and  preventable  ADEs 
for  a  700-bed  teaching  hospital  are  S5.6  million 
and  S2.8  million,  respectively. CONCLUSIONS: 
The  substantial  costs  ol  ADEs  to  hospitals  jus- 
tify investment  in  efforts  to  prevent  these  events. 
Moreover,  these  estimates  are  a  inserv  ative  because 


they  do  not  include  the  costs  of  injuries  to  patients 
or  malpractice  costs  See  the  rehired  editorial: 
Putting  Adverse  Drug  Events  into  Perspective — 
JAvom.  JAMA  1997;277(4):341-342. 

Factors  Related  To  Errors  in  Medication  Pre- 
scribing— TS  Lesar,  I  Bnceland.  DS  Stein. 
JAMA  1997:277(41:312. 

OBJECTIVE:  To  quantify  the  type  and  frequency 
of  identifiable  factors  associated  with  medication 
prescribing  errors.  DESIGN  &  SETTING:  Sys- 
tematic evaluation  of  every  third  prescribing  error 
detected  and  averted  by  pharmacists  in  a  63 1  -bed 
tertian  care  teaching  hospital  between  July  1,1994, 
and  June  30. 1445  I  ach  error  was  concurrently 
evaluated  for  the  potential  to  result  in  adverse 
patient  consequences.  Each  error  was  retro- 
spectivelj  evaluated  by  a  physician  and  2  phar- 
macists and  a  factor  likely  related  to  the  error  w  as 
identified.  PARTICIPANTS:  All  physicians  pre- 
scribing medications  during  the  study  period  and 
all  staff  pharmacists  involved  in  the  routine  re\  lew 
of  medication  orders.  MAIN  OUTCOME  MEA- 
SURES: Frequence  ol  association  of  factors  likely 
related  to  medication  errors  in  general  and  spe- 
cific to  medication  classes  and  prescribing  ser- 
\  ices  (needed  for  medical,  pediatric,  obstetric- 
gynecologic,  surgical,  or  emergency  department 
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patientsi:  and  potential  consequences  ol  errors 
for  negative  patient  outcomes.  RESULTS:  A  total 
of  2. 103  errors  thought  to  have  potential  clinical 
importance  were  detected  during  the  I  -year  study 
period.  The  overall  rate  of  errors  was  3  94  errors/ 
1,000  medication  orders,  and  the  error  rate  var- 
ied among  medication  classes  and  prescribing  ser- 
vices. A  total  of  696  errors  met  study  criteria  lie, 
errors  with  the  potential  for  adverse  patient  effects) 
and  were  e\  alualed  for  a  likely  related  factor.  The 
most  common  specific  factors  associated  with 
errors  were  decline  in  renal  or  hepatic  function 
requiring  alteration  of  drug  therapy  (97  errors, 
1 3.4rr  i,  patient  history  of  allergy  to  the  same  med- 
ication class  (84  errors,  12.19!  i.  using  the  wrong 
drug  name,  dosage  form,  or  abbreviation  (total 
of  79  errors.  1 1  .491 .  for  both  brand  name  and 
generic  name  orders),  incorrect  dosage  calcula- 
tions 1 77  errors,  1 1 . 1  ' i ).  and  atypical  or  unusual 
and  critical  dosage  frequency  considerations  1 75 
errors.  MIS',  I  The  most  common  groups  o!  lac- 
tors  associated  with  errors  were  those  related  to 
knowledge  and  the  application  of  knowledge 
regarding  drug  therapy  1 209 errors.  '(>'<  i;  knowl- 
edge and  use  of  knowledge  regarding  patient  fac- 
tors that  affect  drug  therapy  1 203  errors,  24  :  ,  i. 
use  of  calculations,  decimal  points,  or  unit  and 
rate  expression  factors  1 122  errors.  17.59!  ):  and 
nomenclature  factor,  (incorrect  dnig  name,  dosage 
form,  or  abbreviation)  (93  errors.  1 3.4' .  i.  CON- 
(  I  I  SIONS  Several  easily  identified  factors  are 
associated  with  a  large  proportion  of  medication 
prescribing  errors.  By  improving  the  focus  ol  orga- 
nizational, technological,  and  risk  management 
educational  and  training  efforts  using  the  factors 
commonly  associated  with  prescribing  errors,  risk 
to  patients  from  adverse  drug  events  should  be 
reduced  See  ih,  related  editorial:  Putting  Advene 
Drug  Events  into  Perspective — JAvorn.  JAMA 
l997;277(4):34]-342. 

Aerosol  Delivery  during  Continuous  Nebu- 
lization    M  McPeck,  R  Tandon,  K  Hughes,  < '( ' 

Smaldone.  Chest  1997:1 1  1(5)  1200 

BACKGROUND  &  OBJECTIVES:  Continuous 
administration  of  aerosolized  ft-agonists  has  been 
suggested  as  an  effective  treatment  for  severe 
rev  ersible  airv  ay  s  disease.  To  facilitate  continuous 
therapy  and  avoid  a  Iced  system  toi  small-vol- 
ume nebulizers  (SVNs),  a  large-volume  medi- 
cation nebulizer  (Vortran  HEART)  was  devel- 
oped. The  goal  of  this  study  was  to  determine 
actual  drug  delivery  of  the  HEART  and  con- 
ventional SVNs  lor  both  adult  and  pediatric 
breathing  patterns.  DESIGN:  Output  studies  were 
conducted  on  comparable  samples  ol  CIS  I  S 
AeroTech  II  and  Hospitak  PowerMist  S\  V  and 
Vortran  HEART  large-volume  continuous  neb- 
ulizers. To  duplicate  cluneal  aerosol  delivery  v  ia 
an  aerosol  mask,  drug  particles  were  inhaled 
through  the  mouth  of  a  model  of  a  human  face 
for  2  test  breathing  patterns  (adult  =  tidal  volume 
|VT]  of  500  ml..  20  breaths/min.  duty  cycle  of 
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40%;  pediatric  =  VT  of  100  mL.  35  breaths/min. 
duty  cycle  of  40%),  generated  by  a  ventilator. 
Radiolabeled  particles  of  saline  solution,  con- 
firmed to  behave  identically  to  albuterol,  were 
collected  on  absolute  filters  at  the  mouth  of  the 
face  to  measure  the  actual  mass  of  albuterol  par- 
ticles delivered  to  the  airway  opening.  RESULTS: 
The  AeroTech  II  and  PowerMist  SVNs  delivered 
5.14  and  3.74  mg/h.  respectively,  for  the  adult 
breathing  pattern  and  2.97  and  2.48  mg/h.  respec- 
tively, for  the  pediatric  breathing  pattern.  Drug 
delivery  rates  of  the  HEART  were  a  function  of 
drug  concentration  and  ranged  from  0.87  to  3.48 
mg/h  for  the  adult  breathing  pattern.  For  the  pedi- 
atric breathing  pattern,  drug  delivery  rate  was  a 
function  of  drug  concentration  and  inspired  minute 
ventilation  and  ranged  from  0.41  to  1.83  mg/h. 
CONCLUSION:  Our  data  demonstrate  that  drug 
delivery  to  the  patient,  expressed  as  inhaled  mass 
over  time,  is  similar  for  continuous  nebulization 
(HEART  system)  and  intermittently  filled  SVNs. 
In  addition,  for  all  nebulizers,  the  influence  of  the 
pediatric  breathing  pattern  needs  to  be  consid- 
ered. Continuous  nebulization  permits  the  redis- 
tribution of  health  care  personnel  and  may  reduce 
the  costs  of  therapy.  See  the  rehired  editorial:  Res- 
piratory Drug  Delivery — PJ  Anderson.  Chest 
1997;1U(5):1155-1156. 

Measuring  Nebulizer  Output:  Aerosol  Pro- 
duction vs  Gravimetric  Analysis — R  Tandon. 
M  McPeck,  GC  Smaldone.  Chest  1997:111 
(5):1361. 

OBJECTIVES:  The  function  of  jet  nebulizers  has 
been  measured  traditionally  by  gravimetric  meth- 
ods, ie,  by  weighing  nebulizers  before  and  after 
nebulization.  Newer  techniques  measure  aerosol 
output  directly  by  analyzing  aerosolized  drug  or 
tracer,  ie.  radioactive  Tc.  Because  of  evapo- 
ration, the  equivalence  of  these  methods  is  uncer- 
tain. The  aim  of  this  study  was  to  determine  if  the 
gravimetric  method  is  an  accurate  measure  of 
aerosol  production  under  different  conditions  of 
aerosol  generation  (ie.  nebulizer  type,  flow  rate, 
pressure,  volume  fill,  and  concentration  of  solu- 
tion used  to  nebulize  a  drug).  METHODS:  In  the 
first  phase  of  the  study,  we  measured  the  aerosol 
output  of  9  commercially  available  jet  nebulizers 
(AvaNeb;  Up-Draft-Hudson  RCI;  Cirrus-Inter- 
surgical  Inc;  DeVilbiss  646-DeVilbiss;  Powermist- 
Hospitak,  Inc;  Respirgard  II-Marquest  Medical 
Products;  Seamless-Seamless/Dart  Respiratory; 
Salter;  Salter  Labs;  Airlife-Baxter  Health  Care) 
run  under  commonly  used  conditions  (2.5  mL  vol- 
ume fill.  2.0  mL  normal  saline  solvent.  0.5  mL 
albuterol,  flow  of  6  L/min.  and  pressures  averag- 
ing 15.0  ±  2.3  [mean  ±  SD]  pounds  per  square  inch 
|on  the]  gauge  [psig]  provided  by  a  DeVilbiss  Pul- 
moAide  compressor)  with  simultaneously  mea- 
sured gravimetrics  and  filtered  radioactivity.  Each 
nebulizer  was  run  to  dryness  with  data  acquired 
every  2  minutes.  The  change  in  the  weight  of  the 
nebulizer  and  radioactivity  captured  on  the  filter 


were  expressed  as  percentages  of  the  total  in  the 
nebulizer  solution.  In  the  second  phase  of  the  study, 
the  experiments  were  repeated  using  the  same  neb- 
ulizers with  a  volume  fill  of  5  mL  (diluted  to  half 
normal  saline  solution  plus  albuterol),  flow  of  10 
L/min.  and  pressures  of  35.6  ±  8.8  psig.  RESULTS: 
The  cumulative  (sum  of  all  2-min  runs)  weight  loss 
for  each  individual  nebulizer  ranged  from  25.00 
to  64.55%  and  cumulative  aerosol  captured  var- 
ied from  12.63  to  38.76%.  While  different,  (he 
weight  loss  and  aerosol  captured  were  closely  cor- 
related (y  =  -0.62  +  0.62x;  r  =  0.961 ,  p  <  0.0001 ). 
Changing  volume  fill  and  concentration  of  solvent 
did  not  affect  this  correlation  (p  =  0.92 1  and  0.373. 
respectively).  However,  changing  flow  from  6 
L/min  to  10  L/min  significantly  (p  =  0.02)  affected 
the  relationship  (y  =  -3.80  +  0.83x;  r  =  0.969,  p 
<  0.001 ).  CONCLUSIONS:  When  compared  with 
direct  methods  such  as  filtering  generated  parti- 
cles, the  gravimetric  method  of  assessing  nebu- 
lizer function  overestimates  aerosol  output  by  1 .8 
±0.18  times,  presumably  because  of  the  loss  of 
solvent  during  nebulization.  However,  the  rela- 
tionship between  methods  is  predictable  and 
appears  unaffected  by  changing  the  type  of  neb- 
ulizer, volume  fill,  and  concentration  of  solvent. 
Changes  in  nebulizer  flow  and  pressure  signifi- 
cantly affected  the  correlation.  Gravimetric  meth- 
ods can  be  used  as  simple  and  convenient  screen- 
ing techniques  for  comparing  jet  nebulizers  under 
a  wide  range  of  experimental  conditions. 

Combination  of  Tracheal  Gas  Insufflation  and 
Airway    Pressure    Release   Ventilation — K 

Okamoto,  H  Kishi.  H  Choi,  T  Sato.  Chest  1997; 
111(5):1366. 

OBJECTIVE:  We  hypothesized  that  the  contin- 
uous gas  flow  administration  delivered  through 
an  insufflation  catheter  positioned  above  the  carina 
during  airway  pressure  release  ventilation  (APRV) 
would  facilitate  carbon  dioxide  (CO:)  elimina- 
tion, resulting  in  normocarbia  with  a  substantially 
reduced  peak  airway  pressure  (Paw).  To  test  this 
hypothesis,  we  compared  intermittent  positive  pres- 
sure ventilation  ( IPPV ),  tracheal  gas  insufflation 
(TGI),  APRV,  and  combined  TGI  and  APRV  (TGI 
+  APRV).  DESIGN:  Animal  study  with  random 
application  of  4  ventilatory  modes  in  a  canine 
restrictive-thorax  model  with  and  without  pul- 
monary edema.  SETTING:  Research  laboratory 
at  Kumamoto  (Japan)  University  School  of  Medi- 
cine. SUBJECTS:  Six  mongrel  dogs.  INTER- 
VENTIONS: Application  of  4  ventilatory  modes 
(IPPV.  TGI.  APRV.  and  TGI  +  APRV).  MEA- 
SUREMENTS &  RESULTS:  TGI  +  APRV  facil- 
itated CO;  elimination.  The  peak  Paw  was  sig- 
nificantly lower  during  TGI  +  APRV  than  during 
IPPV  (nonpulmonary  edema  model:  15  ±  4  vs  28 
±  9  cm  HiO;  p  <  0.05;  pulmonary  edema  model: 
20  ±  4  vs  34  ±  10  cm  H20;  p  <  0.05).  Normocarbia 
was  observed  in  both  models.  Neither  TGI  nor 
APRV  alone  maintained  normocarbia.  CON- 
CLUSION: The  combined  use  of  TGI  and  APRV 


is  a  more  effective  method  of  maintaining  nor- 
mocarbia with  reduced  peak  Pa„  than  either  IPPV 
or  APRV  alone. 

Comparison  of  Pressure  Support  Ventilation 
and  Assist-Control  Ventilation  in  the  Treat- 
ment of  Respiratory  Failure — M  Tejeda.  JH 
Boix.  F  Alvarez,  R  Balanza.  M  Morales.  Chest 
1997;111(5):1322. 

OBJECTIVE:  To  assess  whether  pressure  support 
ventilation  ( PS V)  could  be  used  as  an  alternative 
ventilatory  mode  to  assist-control  ( A/C)  ventila- 
tion in  the  treatment  of  respiratory  failure.  DESIGN: 
A  short-term  (4-h)  prospective  study  in  which  the 
beneficial  effect  of  PSV  on  respiratory  mechan- 
ics, gas  exchange,  arterial  oxygenation,  cardio- 
vascular hemodynamics,  and  oxygen  consumption 
was  compared  with  A/C  ventilation.  SETTING: 
ICU  of  a  community  hospital.  PATIENTS:  Forty- 
five  patients  (mean  age.  62.8  [1 1.8]  years)  with 
respiratory  failure  secondary  to  COPD.  restrictive 
disorders,  or  neuromuscular  disease  requiring 
mechanical  ventilatory  support  in  the  ICU  were 
selected  for  study.  INTERVENTIONS:  The  mean 
duration  of  mechanical  ventilation  before  the  study 
was  7.16  (8.64)  days.  Patients  were  switched  to  the 
PSV  mode  of  the  mechanical  ventilator  for  a  period 
of  4  hours  after  which  conventional  A/C  ventila- 
tion was  resumed.  RESULTS:  Patients  supported 
with  PSV  compared  w  ith  A/C  ventilation  showed 
significantly  higher  tidal  volume,  minute  ventila- 
tion, and  inspiratory  time  in  association  with  sig- 
nificanUy  lower  pressure  in  the  airway  and  I:E  ratio. 
With  regard  to  gas  exchange  data,  an  increase  in 
dead  space/tidal  volume  ratio  ( Vrj/V-r).  decrease 
in  Pao;.  and  statistically  but  not  clinically  signifi- 
cant alteration  of  arterial  oxygenation  indexes  were 
noted.  However,  when  patients  with  COPD.  re- 
strictive disorders,  and  neuromuscular  disease  were 
compared,  significant  changes  in  arterial  oxygena- 
tion parameters  were  found  only  in  patients  with 
restrictive  disorders.  There  were  significant  de- 
creases in  heart  rate,  systolic  pulmonary  artery  pres- 
sure, and  pulmonary  capillary  wedge  pressure  when 
PSV  was  applied.  Oxygen  transport  and  oxygen 
consumption  were  unchanged.  CONCLUSIONS: 
PSV  could  be  a  possible  alternative  to  A/C  ven- 
tilation in  patients  with  respiratory  failure.  PSV 
caused  an  increase  in  Vr/Vx  in  association  with 
a  significantly  lower  pressure  in  the  airway  and  I:E 
ratio.  Randomized  studies  are  needed  to  define  the 
long-term  benefits  of  botii  respiratory  modes  and 
the  conditions  in  which  PSV  may  be  a  valuable 
alternative  to  A/C  ventilation. 

Increased  Mortality  of  Older  Patients  with 
Acute  Respiratory  Distress  Syndrome — MR 

Suchyta,  TP  Clemmer.  CG  Elliott,  JF  Orme  Jr. 
AH  Moms,  J  Jacobson,  R  Menlove.  Chest  1997: 
111(51:1334. 

OBJECTIVE:   To   examine   the   rel.  I 
between  age  and  mortality  in  ARDS  patiei        .d 


Respiratory  Care  •  July  '97  Vol  42  No  7 


681 


Abstracts 


evaluate  the  importanee  of  factors  that  increase 
the  mortality  of  older  ARDS  patients.  DESIGN: 
Prospective  inception  cohort  study.  SETTING: 
Community-based  referral  hospital.  PATIENTS: 
Two  hundred  fifty  -six  ARI  )S  patients  identified 
from  May  1987  to  December  1990.  ARDS  was 
defined  by  the  following:  ( I )  PjO;/PaO;  ^  0.2;  (2) 
pulmonary  capillary  wedge  pressure  <  15  mm  Hg; 
( 3 1  tolal  sialic  thoracic  compliance  <  50  mL/cm 
H;0:  (41  bilateral  infiltrates  on  chest  radiograph; 
and  (5 1  an  appropriate  clinical  setting  for  ARDS. 
MAIN  OUTCOME  MEASURES:  Comparison 
of  organ  failure,  incidence  of  sepsis,  patient  demo- 
graphics, arterial  oxygenation,  and  level  of  sup- 
port in  those  55  years  and  younger  and  those  older 
than  55  years  of  age.  Withdrawal  of  support  in 
patients  who  died.  RESULTS:  Seventy-two  of  1 1 2 
patients  older  than  55  years  (64rr )  died  versus  65 
of  144  patients  55  years  and  younger  (45'.  i  (p 
=  0.002).  Examination  of  patient  groups  using  age 
identified  older  than  55  years  as  a  "cutpoinl"  above 
which  mortality  was  greater  (p  =  0.002).  Older 
nonsun  ivors  did  not  differ  from  nonsurv  ivors  55 
years  or  younger  with  respect  to  gender,  smok- 
ing history.  ARDS  nsk  factors.  ARDS  identity  ing 
characteristics,  APACHE  II  (acute  physiology  and 
chronic  health  evaluation),  number  of  organ  fail- 
ures, or  the  incidence  of  sepsis.  In  the  48  hours 
prior  to  death,  nonsurvivors  55  years  and  younger 
had  more  organ  failure  (3.4  ±  0.2  vs  2.8  ±  0.2;  p 
=  0.03).  higher  fraction  of  inspired  oxygen  (0.82 
±  0.03  vs  0.68  ±  0.03;  p  =  0.008),  and  highei  pos- 
itive end-expiratory  pressure  levels  (13  ±  1  vs  8 
±  I;  p  =  0.001)  than  older  nonsurvivors.  Despite 
more  severe  expression  of  disease,  only  32(50'.  i 
nonsurvivors  55  years  and  younger  had  support 
« ithdrawn.  Significantly  more  nonsun  i\ors  older 
than  55  years  (7  V,  )  had  support  withdrawn  (p 
=  0.009).  Even  in  the  absence  of  chronic  disease 
stales,  withdrawal  was  more  likely  for  patients 
older  than  55  years  1 2 1/5 1 1  than  in  those  55  yens 
and  younger  (3/32:  p  < 0.001 ).  CONCLUSIONS: 
Mortality  is  significantly  higher  for  patients  with 
ARDS  older  than  55  years.  Decisions  to  withdraw 
support  arc  made  more  often  in  ARDS  patients 
older  than  55  years.  These  data  suggest  that  age 
bias  may  influence  decisions  to  w  ithdraw  support 

Rctreatment  Tuberculosis  Cases:  Factors  Asso- 
ciated with  Drug  Resistance  and  Adverse  Out- 
comes— AL  Kntski.  LS  Rodrigues  de  Jesus.  MK 

Andrade.  E  Werneck-Barroso.  MAMS  Vieira.  A 
Haffher,  LW  Riley.  Chest  1997:1  I  I (5 1: 1  162. 

OBJECTIVE:  Risk  factors  associated  with  neat 
ment  failure  and  multidrug-resistan!  tuberculo- 
sis (MDR-TB)  were  examined  among  HIV- 
seronegative  patients  who  were  previously  treated 
foi  tuberculosis  i TBI.  DESIGN  Prospective, 
cohort  study  oi  patients  referred  to  the  study  hos- 
pital toi  retreatment  of  TB  between  March  1986 
and  March  1990  l'\riENTS:  The  patients 
belonged  lo  3  groups,  according  to  outcomes  fol- 
lowing then  pic i  ii  iu   treatment:  37  patients  who 


abandoned  treamient  or  suffered  relapse  after  com- 
pletion of  therapy  (group  A).  91  patients  who  failed 
lo  respond  to  the  first-line  drug  regimen  (group 
B ).  and  78  patients  w  ho  failed  to  respond  to  the 
second-line  drug  regimen  (group  C).  RESULTS: 
Patients  wuh  Mycobacterium  tuberculosis  strains 
resistant  to  rifampin  and  isoniazid  were  found  in 
2(6';  I  in  group  A,  29  (3395  i  in  group  B.  and 49 
ids',  i  in  group C.  Cure  was  achieved  in  77%  in 
group  A.  54%  in  group  B,  and  36"7r  in  group  C. 
Death  occurred  in  none  of  the  patients  in  group 
A,  8%  in  group  B.  and  24' i  in  group  C.  hi  a  mul- 
tivariate logistic  regression  analysis,  unfavorable 
response  ( failure  to  sterilize  sputum  culture,  death, 
and  abandonment!  was  significantly  associated 
with  infection  with  a  multidrug-resistant  M.  tuber- 
culosis strain  (p  =  0.0002),  cavitary  disease  (p  = 
0.0029),  or  irregular  use  of  medications  (p  < 
0.0001 1.  CONCLUSION:  These  observations 
sin  iv.  that  a  previous  treatment  outcome  and  cur- 
rent clinical  and  epidemiologic  histories  can  be 
used  to  predict  the  development  of  MDR-TB  and 
adverse  outcomes  in  patients  undergoing  retreat- 
ment for  TB.  Such  information  may  be  useful  for 
identifying  appropriate  patient  candidates  for  pro- 


grams such  as  directly  observed  therapy.  See  the 
related  editorial:  'Multidrug  '-Resistant  Tuber- 
culosis: It  Is  Time  To  Focus  on  the  Private  Sec- 
tor of  Medicine— JA  Sbarbaro.  Chest  1997:111 
(5):1 149-1151. 

Noncompliance  with  Directly  Observed  Ther- 
apy for  Tuberculosis:  Epidemiology  and  Effect 
on  the  Outcome  of  Treatment — WJ  Burman, 
DL  Cohn.  CA  Rietmeijer,  FN  Judson.  JA  Sbar- 
baro, RR  Reves.  Chest  1997:1 1 1(5):1 168. 

OBJECTIVES:  To  describe  the  epidemiology  and 
clinical  consequences  of  noncompliance  with 
directly  observed  therapy  ( DOT)  for  treatment  of 
tuberculosis.  DESIGN:  Retrospective  review.  SET- 
TING: .An  urban  tuberculosis  control  program  that 
emphasizes  DOT.  PATIENTS:  All  patients  treated 
with  outpatient  DOT  from  1984  to  1994.  MEA- 
SUREMENTS &  RESULTS:  We  defined  non- 
compliance as  follows:  ( 1 )  missing  >  2  consec- 
utive weeks  of  DOT;  ( 2 )  prolongation  of  treamient 
>30  days  due  to  sporadic  missed  doses;  or  (3)  incar- 
ceration for  presenting  a  threat  to  public  health. 
Poor  outcomes  of  therapy  were  defined  as  a  micro- 
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biologic  or  clinical  failure  of  initial  therapy,  relapse, 
or  death  due  to  tuberculosis.  Fifty-two  of  294 
patients  (18%)  who  received  outpatient  DOT  ful- 
filled one  or  more  criteria  for  noncompliance. 
Using  multivariate  logistic  regression,  risk  fac- 
tors for  noncompliance  were  alcohol  abuse  (odds 
ratio,  3.0;  95%  confidence  interval,  1.2  to  7.5;  p 
=  0.02)  and  homelessness  (odds  ratio,  3.2;  95% 
confidence  interval,  1.5  to  7.2;  p  =  0.004).  Non- 
compliant  patients  had  poor  outcomes  from  the 
initial  course  of  therapy  more  often  than  compliant 
patients:  17  of  52  (32.7%)  versus  8  of  242  (3.3%); 
relative  risk  was  9.9;  95%  confidence  interval  was 
4.5  to  2 1 .7  (p  <  0.001 ).  CONCLUSIONS:  In  an 
urban  tuberculosis  control  program,  noncompli- 
ance with  DOT  was  common  and  was  closely  asso- 
ciated with  alcoholism  and  homelessness.  Non- 
compliance was  associated  with  a  1 0-fold  increase 
in  the  occurrence  of  poor  outcomes  from  treatment 
and  accounted  for  most  treatment  failures.  Inno- 
vative programs  are  needed  to  deal  with  alcoholism 
and  homelessness  in  patients  with  tuberculosis. 
See  the  related  editorial:  Beyond  Directly 
Obsened  Tlierapyfor  Tuberculosis — CM  Nolan 
Chest  1997:111(5):!  151-1153. 

The  Effects  of  Cigarette  Smoking  and  Gesta- 
tional Weight  Change  on  Birth  Outcomes  in 
Obese  and  Normal-Weight  Women — WL 
Hellerstedt,  JH  Himes,  M  Story,  IR  Alton.  LE 
Edwards.  Am  J  Public  Health  1997;87(4):591 . 

OBJECTIVES:  The  associations  of  infant  birth 
outcomes  with  maternal  pregravid  obesity,  ges- 
tational weight  gain,  and  prenatal  cigarette  smok- 
ing were  examined.  METHODS:  A  retrospective 
analysis  of  1 ,343  obese  and  normal-weight  gravi- 
das evaluated  the  associations  of  cigarette  smok- 
ing, gestational  weight  change,  and  pregravid  body 
mass  index  with  birthweight,  low  birthweight,  and 
small-  and  large-for-gestational-age  births.  RE- 
SULTS: Smoking  was  associated  with  the  deliv- 
ery of  lower-birthweight  infants  for  both  obese 
and  normal-weight  women,  and  gestational  weight 
gain  did  not  eliminate  the  birthweight-lowering 
effects  of  smoking.  Women  at  highest  risk  of  deliv- 
ering lower-birthweight  infants  were  obese  smok- 
ers whose  gestational  gains  were  less  than  7  kg 
and  normal-weight  smokers  whose  gestational 
gains  were  less  than  1 1 .5  kg.  CONCLUSIONS: 
To  balance  the  risks  of  small  and  large-size  infants, 
gains  of  7  to  1 1 .5  kg  for  obese  women  and  11.5 
to  16  kg  for  normal-weight  women  appear  appro- 
priate. See  the  related  editorial:  Annotation: 
Cigarette  Smoking,  Nutrition,  and  Birthweight — 
KM  Rasmussen,  B  Adams.  Am  J  Public  Health 
1997;87(4):543-544. 

Pulse  Oximetry  as  a  Fifth  Pediatric  Vital  Sign 

-WR  Mower,  C  Sachs,  EL  Nicklin,  LJ  Baraff. 
Pediatrics  1997;99(5):681. 

PURPOSE:  To  determine  the  utility  of  pulse 
oximetry  as  a  routine  fifth  vital  sign  in  acute  pedi- 


atric assessment.  DESIGN:  Prospective  study  us- 
ing pulse  oximetry  to  measure  oxygen  saturation 
in  children  presenting  to  emergency  department 
triage.  Saturation  values  were  disclosed  to  clin- 
icians only  after  they  had  completed  medical  eval- 
uations and  were  ready  to  discharge  or  admit  each 
child.  We  measured  changes  in  medical  treatment 
and  diagnoses  initiated  after  the  disclosure  of  pulse 
oximetry  values.  SETTING  &  PARTICIPANTS: 
The  study  included  2.127  consecutive  children  pre- 
senting to  triage  at  a  university  emergency  depart- 
ment. MEASUREMENTS:  Changes  in  select 
diagnostic  tests:  chest  radiography,  complete  blood 
count,  spirometry,  arterial  blood  gases,  pulse 
oximetry,  and  ventilation-perfusion  scans;  treat- 
ments: antibiotics,  /3-agonists,  supplemental  oxy- 
gen; and  hospital  admission  and  final  diagnoses 
that  occurred  after  disclosure  of  triage  pulse  oxime- 
try values.  RESULTS:  Of  305  children  having 
triage  pulse  oximetry  values  less  than  95%,  physi- 
cians ordered  second  oximetry  for  49,  additional 
chest  radiography  for  16.  complete  blood  counts 
for  7,  arterial  blood  gas  measurements  for  4, 
spirometry  for  2,  and  ventilation-perfusion  scans 
for  2.  Physicians  ordered  39  new  therapies  for  33 
patients,  including  antibiotics  for  15,  supplemental 
oxygen  for  1 1 ,  and  /3-agonists  for  8.  Five  patients 
initially  scheduled  for  hospital  discharge  were  sub- 
sequently admitted.  Physicians  changed  or  added 
diagnoses  in  25  patients.  CONCLUSIONS:  Using 
pulse  oximetry  as  a  routine  fifth  vital  sign  resulted 
in  important  changes  in  the  treatment  of  a  small 
proportion  of  pediatric  patients. 

Yield  from  Flexible  Bronchoscopy  in  Chil- 
dren— S  Godfrey,  A  Avital,  C  Maayan,  M 
Rotschild,  C  Springer.  Pediatr  Pulmonol  1997; 
23:261. 

Flexible  fiberoptic  (FO)  bronchoscopy  can  now 
be  undertaken  readily  in  children  using  topical 
anesthesia  and  light  sedation  and  has  largely  sup- 
planted rigid  open  tube  (OT)  bronchoscopy  for 
diagnostic  purposes.  The  present  study  examined 
the  contribution  of  the  FO  bronchoscope  to  clin- 
ical management  in  children  presenting  with  spe- 
cific types  of  problems.  We  examined  the  first  200 
consecutive  flexible  bronchoscopies  performed 
in  1995  in  children  under  18  years  of  age  (median 
age.  2.27  years).  Indications  for  bronchoscopy 
were  noisy  breathing  (26.5%),  recurrent  pneu- 
monia (21.0%),  suspected  pneumonia  in  an 
immunocompromised  patient  ( 10.5%),  atelectasis 
or  bronchial  toilet  (12.5%).  possible  foreign  body 
aspiration  ( 13.0%).  and  miscellaneous  other  rea- 
sons (16.5%).  Inspection  of  the  airway  was  abnor- 
mal in  67.0%  of  all  investigations  and  made  a  clin- 
ically meaningful  contribution  to  management  in 
67.5%,  especially  in  those  with  noisy  breathing 
(98.1%),  possible  foreign  body  aspiration  (100%), 
and  atelectasis  (76.0%).  Bronchoalveolar  lavage 
(BAL)  cytology  was  abnormal  in  80.4%  of  the  107 
lavages,  but  contributed  little  to  management 
except  in  those  with  recurrent  pneumonia  (73.8% ). 


Bacteria  were  isolated  in  26.6'7<  of  the  109  spec- 
imens cultured,  but  this  finding  rarely  affected 
management.  Fungi  were  isolated  in  47.4%  of  the 
19  lavages  in  the  immunocompromised  group.  To- 
gether, inspection,  BAL,  and  microbiology  contri- 
buted to  management  in  a  mean  of  90.5%  (range. 
76.2- 1 00<7c )  of  patients  in  the  various  groups.  We 
concluded  that  a  high  yield  of  clinically  meaningful 
information  can  be  expected  from  FO  bron- 
choscopy in  children  when  coupled  with  BAL  and 
microbiological  studies  of  lavage  fluid 

Repeatability  of  Methacholine  Challenges  in 
2-  to  4- Year-Old  Children  with  Asthma,  Using 
a  New  Technique  for  Quantitative  Delivery  of 
Aerosol — B  Klug.  H  Bisgaard.  Pediatr  Pulmonol 
1997:23:278. 

To  determine  the  repeatability  of  bronchial  respon- 
siveness in  awake  young  children,  2  methacholine 
challenge  tests  were  performed  on  separate  days 
in  16  children  with  stable  asthma  (mean  age,  3-3/4 
years).  Methacholine  was  administered  using  a 
new  method  for  quantitative  delivery  of  aerosol 
that  eliminates  the  effect  of  dilution  of  the  aerosol 
by  entrainment  of  air  and  enables  quantitative 
delivery  of  aerosol  according  to  body  weight.  Res- 
piratory function  was  monitored  by  measurement 
of  respiratory  resistance  by  the  interrupter  tech- 
nique (Rint).  respiratory  resistance  and  reactance 
at  5  Hz  (Rrs5.  Xrs5)  by  the  impulse  oscillation 
technique,  transcutaneous  measurements  of  oxy- 
gen (PtcOi),  and  specific  airway  resistance  (sRaw). 
Repeatability  was  evaluated  by  determining  the 
provocative  dose  that  caused  a  defined  percent- 
age of  change  relative  to  baseline  (PD%:  Rint 
PD30,  Rrs5  PD3(|.  Xrs5  PD80.  PtcO:  PD„>,  and 
sRaw  PDsnl.  Repeatability  was  estimated  from 
the  difference  between  the  PDr;  obtained  at  the 
time  of  the  2  tests.  Using  the  numeric  value  of  these 
differences,  the  repeatability  of  Xrs5  PD80.  PtcOi 
PDio,  and  sRaw  PD50  was  [mean  (SD)]:  [0.8  (0.5)] 
[0.5  (0.4)]  and  [0.7  (0.6)[  doubling  doses,  respec- 
tively. Rint  PDin  and  Rrs5  PD.m  proved  to  be  less 
reproducible:  [1.2(1)]  and  [1.6  (0.9)]  doubling 
doses,  respectively.  The  new  method  of  aerosol 
delivery  offers  a  means  of  standardizing  the  bron- 
choconstrictor  stimulus,  and  the  results  show  that 
estimates  of  bronchial  responsiveness  in  young 
children  can  be  obtained  reproducibly  within  one 
doubling  dose  of  methacholine. 

Retrospective  Review  of  the  Effects  of  rhDNase 
in  Children  with  Cystic  Fibrosis — J  Davies.  M-T 
Trindade.  C  Wallis,  M  Rosenthal,  O  Crawford, 
A  Bush.  Pediatr  Pulmonol  1997;23:243. 

Trials  of  rhDNase  in  mixed  groups  of  adults  and 
children  with  cystic  fibrosis  (CF)  have  demon- 
strated improvements  in  lung  function  and  well- 
being.  This  has  led  to  many  pediatric  CF  patients 
receiving  regular  rhDNase  therapy  although  theii 
response  to  treatment  may  not  be  the  same  as  tl 
seen  in  adults.  We  have  retrospectively  re\      ed 
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the  effects  of  rhDNa.se  during  the  first  year  of  ther- 
apy in  65  children  receiving  the  drug  at  2  tertiary 
referral  centers.  Outcome  measures  included 
changes  in  lung  function,  oxygen  saturation,  use 
of  intravenous  antibiotics,  and  subjective  improve- 
ment. Median  baseline  lung  function  (%  of  pre- 
dicted) was  45%  for  forced  expiratory  volume  in 
1  second  (FEV| )  and  58%  for  forced  vital  capac- 
ity (FVCl.  At  3-4  months  following  initiation  of 
therapy  the  group  demonstrated  median  ( 959S  CI ) 
increases  of  14.2%  (95%  CI  7.3;  2 1 . 1  %  I  in  FEV, 
and  7%  (0;  14%)  in  FVC.  Within  this  vv  ide  scat- 
ter of  responses,  one-quarter  of  children  deteri- 
orated, but  almost  50%  showed  significant 
improvements  of  >  10%.  A  similar  pattern  was 
seen  at  9  months,  with  median  increases  for  the 
group  of  1 1 . 1  %  (0;  1 8.89E )  in  FEV,  and  5.6%  (0; 
1 7% )  in  FVC,  again  with  approximately  one-third 
of  the  group  deteriorating  and  one-half  improv- 
ing significantly.  Intravenous  antibiotic  use 
decreased  significantly.  Almost  all  the  children 
(89%).  including  those  with  a  fall  in  lung  func- 
tion, described  subjective  improvement.  There 
were  no  predictive  markers  at  baseline  of  a  good 
response  to  the  drug.  However,  there  was  a  good 
correlation  between  lung  function  response  at  3 
months  and  that  at  6. 9.  and  1 2  months.  Thus,  chil- 
dren respond  to  rhDNase  at  least  as  well  as  adults, 
and  a  therapeutic  trial  is  justified  in  those  over  5 
years  with  significantly  impaired  lung  function. 
Response  is  highly  variable,  making  careful  indi- 
vidual assessment  mandatory.  Baseline  charac- 


teristics are  not  useful  in  predicting  those  children 
who  will  respond  well  to  treatment,  but  long-term 
response  to  the  drug  can  be  predicted  on  the  basis 
of  spirometric  improvement  at  3  months.  There- 
fore, this  would  be  a  useful  time  period  for  a  ther- 
apeutic trial. 

Outcome  and  Acute  Care  Hospital  Costs  after 
Warm  Water  Near  Drowning  in  Children — 

DW  Chnstensen.  P  Jansen.  RM  Perkin.  Pediatrics 
1997;99(5):715. 

OBJECTIVE:  Predictive  efforts  using  individ- 
ual factors  or  scoring  systems  do  not  adequately 
identify  all  intact  survivors,  and  therefore  all 
drowning  victims  are  aggressively  resuscitated 
in  most  emergency  departments.  More  reliable 
outcome  prediction  is  needed  to  guide  early  treat- 
ment decisions.  METHODS:  The  charts  of  274 
near  drowning  patients  admitted  to  Loma  Linda 
University  Children's  Hospital  were  retrospec- 
tively reviewed.  Patient  outcome  was  catego- 
rized into  good  (near  normal  function),  and  poor 
(vegetative  or  dead)  categories.  Discriminant 
analysis  was  used  to  identify  combinations  of 
variables  most  able  to  predict  outcome  and  a  clin- 
ical classification  system  was  constructed.  The 
acute  care  hospital  costs  for  each  group  were 
compared.  RESULTS:  Discriminant  analysis 
classification  achieved  95%  accuracy,  predict- 
ing death  in  6  intact  survivors.  No  combination 
of  variables  could  accurately  separate  all  intact 
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survivors  from  the  vegetative  and  dead  groups. 
The  clinical  classification  method  achieved  93% 
overall  accuracy,  predicting  death  in  5  intact  sur- 
vivors. Of  patients  predicted  to  have  a  poor  out- 
come. 5  (6.3%)  survived  intact.  Children  may 
experience  an  unpredictable,  prolonged  vege- 
tative state  followed  by  full  recovery.  Vegeta- 
tive patients  are  the  most  expensive  to  care  for 
(consuming  53%  of  total  costs)  while  intact  sur- 
vivors are  the  least  expensive.  The  majority  of 
costs  were  spent  on  patients  with  poor  outcome. 
CONCLUSIONS:  Individual  outcome  cannot  be 
reliably  predicted  in  the  emergency  department; 
therefore,  aggressive  resuscitation  of  near  drown- 
ing victims  should  be  performed.  Decisions  to 
subsequently  withdraw  life  support  should  be 
made  based  on  integration  of  likelihood  of  sur- 
vival.  high  (but  not  absolute)  certainty,  and 
parental/societal  issues.  The  vegetative  patients 
are  the  most  expensive  to  care  for,  while  intact 
survivors  are  least  expensive.  Reduction  of 
expenditures  on  patients  likely  to  have  vegetative 
or  dead  outcome  would  result  in  substantial  sav- 
ings, but  loss  of  normal  survivors. 

Tolerance  To  the  Bronchoprotective  Effect  of 
Salmeterol  in  Adolescents  with  Exercise- 
Induced  Asthma  Using  Concurrent  Inhaled 
Glucocorticoid  Treatment — FER  Simons.  TV 
Gerstner.  MS  Cheang.  Pediatrics  1997;99(5):655. 

OBJECTIVES:  The  long-acting  /^-adrenergic 
agonist  salmeterol  prevents  exercise-induced 
asthma,  but  tolerance  may  develop  to  its  bron- 
choprotective effect.  We  wanted  to  ascertain  if 
the  development  of  tolerance  could  be  prevented 
by  using  a  low -dose  treatment  regimen  of  50  pg 
once  daily,  instead  of  the  usual  dose  of  50  jjg 
twice  daily,  in  adolescents  receiving  regular  glu- 
cocorticoid inhalations.  METHODS:  In  a  ran- 
domized, double-blind.  2  x  28-day  crossover 
study,  we  administered  salmeterol  (50  /jg)  or 
placebo  once  daily  via  a  metered-dose  inhaler  and 
Nebulizer  Chronolog  device  to  monitor  com- 
pliance. Exercise  challenge  tests  were  performed 
I  and  9  hours  after  salmeterol  or  placebo  inhala- 
tion on  the  1st  and  28th  day  of  each  treatment 
period.  The  primary  outcome  variable  was  the 
maximum  decrease  in  percent  predicted  FEV] 
postexercise.  RESULTS:  Fourteen  subjects  with 
a  mean  age  of  13.1  years  completed  the  study. 
The  firs!  dose  ol  salmeterol  had  an  excellent  bron- 
choprotective effect  against  exercise-induced 
asthma  at  I  and  9  hours.  After  the  28th  consec- 
utive daily  dose  of  salmeterol.  the  bronchopro- 
tective effect  was  significantly  greater  than  that 
of  placebo  at  1  hour,  but  not  at  9  hours.  CON- 
CLUSIONS: We  conclude  that  a  single  50-/jg 
dose  of  salmeterol  has  an  excellent  protective 
effect  against  exercise-induced  asthma  for  at  least 
9  hours,  but  that  this  effect  may  wane  during  reg- 
ular once-daily  salmeterol  treatment,  despite  the 
reduced  frequency  of  dosing  and  despite  con- 
comitant use  of  inhaled  glucocorticoids. 
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Will  We  Take  the  High  Road? 
The  Respiratory  Care  Profession's  Approach  to  the  Future 


Some  of  my  colleagues  and  I  have  concerns  regarding  the 
future  of  the  respiratory  care  profession.  The  January  Issue 
of  the  Journal  addressing  "Emerging  Health  Care  Delivery 
Models  and  Respiratory  Care"  serves  the  respiratory  care  com- 
munity well.  I  personally  have  distributed  many  copies  of  Sam 
Giordano's  Conference  Summary1  to  respiratory  care  prac- 
titioners (RCPs)  working  throughout  our  rehabilitation  net- 
work and  have  strongly  advised  our  staff  to  consider  Mr  Gior- 
dano' s  comments  as  an  excellent,  motivating  forecast. 

In  1998, 1  will  celebrate  20  years  as  a  respiratory  care  prac- 
titioner. For  the  last  8  years,  I  have  had  the  opportunity  to  work 
as  a  program  manager  in  a  rehabilitation  hospital,  serving  well 
over  250  patients  with  chronic  respiratory  illnesses,  each  year. 
I  believe  that  the  value  added  by  the  respiratory  care  practi- 
tioner to  the  long-term  care  of  this  patient  population  can  be 
measured  in  clinical,  social,  and  economic  terms.  Yet,  a  num- 
ber of  the  skills  required  to  provide  continuing  inpatient  and 
outpatient  care  to  chronic  lung  patients  are  not  a  part  of  the 
curriculum  of  many  respiratory  therapy  programs.  My  first- 
hand experience  tells  me  that  the  skill  set  for  chronic  obstruc- 
tive pulmonary  disease  (COPD)  management  includes  didac- 
tic and  practical  knowledge  of  exercise  physiology,  nutrition, 
psychosocial  assessment,  third-party  reimbursement,  and  the 
planning  of  integrated  care. 

During  the  years  that  I  have  worked  in  postacute  envi- 
ronments, I  have  become  aware  of  a  subset  of  highly  skilled, 
compassionate  RCPs  who  have  shouldered  the  responsibil- 
ity for  broadening  their  skills  to  be  effective  caregivers  in  this 
setting.  Because  of  this  group,  I  have  developed  great  pride 
in  our  profession  and  I  admire  its  integrity.  But,  a  potential 
problem  looms  on  the  horizon.  To  assure  our  survival,  RCPs 
have  constantly  sought  mechanisms  to  demonstrate  our  added 
value  to  the  organization  by  which  we  are  employed.  Over 
the  years,  several  types  of  added  value  have  emerged  includ- 
ing financial  (revenue  generating  or  cost  reducing)  and  clin- 
ical (improved  outcomes  in  biopsychosocial  domains.) 

Many  of  us  remember  and  others  of  us  have  been  told  of 
the  pre-diagnosis  related  group  (DRG)  era  of  the  1970s  when 
respiratory  care  departments  were  able  to  contribute  a  con- 
siderable percentage  to  each  hospital's  net  revenue.  As  a  col- 
league remembered  recently,  it  was  once  possible  to  com- 
pensate for  6-figure  losses  simply  by  adjusting  the  oxygen 
charge  upward  by  a  few  pennies  per  hour.  The  reimbursement 


climate  of  "if  we  charge  for  it.  they  will  pay"  endeared  us  to 
our  administrators;  yet  our  clinical  value  was  at  times  ques- 
tioned by  other  caregivers,  the  perception  being  that  we  existed 
only  to  generate  revenue  for  the  hospital. 

Following  the  implementation  of  the  DRG  system,  we 
became  a  cost  burden  to  the  acute  care  hospital  and  began  to 
seek  other  mechanisms  for  demonstrating  our  value.  Through 
further  definition  of  our  role  we  have  illustrated  that  we  are 
highly  skilled,  multiskilled  caregivers.  With  the  implemen- 
tation of  therapist-driven  protocols,  changes  in  technology, 
and  increases  in  our  skill  set,  we  have  gained  the  respect  and 
acknowledgment  of  our  colleagues  as  necessary  components 
of  the  health  care  team.  The  value  we  add  has  been  demon- 
strated by  reductions  in  the  number  of  unnecessary  procedures 
and  therapy.2 '  improved  clinical  outcomes,4-5  and  enhance- 
ments to  quality  of  life6-7  in  selected  patient  populations. 

However,  certain  members  of  our  profession  have  sought 
other  methods  of  assuring  their  economic  survival.  The  many 
changes  in  third-party-reimbursement  regulations  have  resulted 
in  successful  economic  outcomes  being  measured  differently 
by  acute  care  hospitals,  rehabilitation  hospitals,  sub-acute 
facilities  and  home  care  agencies,  because  the  financial  incen- 
tives are  inconsistent.  With  regard  to  Medicare  patients,  acute 
care  hospitals  measure  a  successful  financial  outcome  by  dis- 
charging the  patient  below  the  DRG  length-of-stay  average 
for  their  geographic  area.  Rehabilitation  hospitals  and  long- 
term  acute-care  hospitals  (LTAC)  are  DRG  exempt.  These 
institutions  are  paid  based  on  the  average  cost  per  case 
assessed  under  the  Tax  Equality  Financial  Responsibility  Act 
(TEFRA)8  and  are  often  capable  of  treating  a  patient  for  longer 
periods  of  time  (length  of  stay)  while  remaining  profitable. 
Skilled  nursing  facilities  (SNFs)  are  reimbursed  under  sep- 
arate Medicare  regulations  wherein  each  patient  is  able  to 
receive  20  days  of  complex  medical  care  within  the  SNF  with- 
out co-pay  responsibility.9  Home  health  organizations  are 
reimbursed  for  clinician  visits;  the  greater  the  number  of  vis- 
its, the  more  profitable  the  organization  (similar  to  pre-DRG 
acute  hospital  reimbursement  for  ancillary  services),  although 
there  is  no  existing  reimbursement  for  RCP  visits  through 
home  health  agencies. 

One  can  appreciate  that  the  incentives  across  the  continu- 
um of  care  do  not  allow  for  successful  vertical  integration 
of  providers;  wherein  the  acute  facility  needs  to  disci 
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the  patient  as  soon  as  possible  to  whatever  venue  is  avail- 
able, rehabilitation  and  LTAC  facilities  have  an  incentive 
to  constantly  adjust  lengths  of  stay  to  assure  reported  cost 
variables  coincide  with  government  audit.  Skilled  nursing 
facilities  have  an  incentive  to  average  a  2 1  -day  length  of  stay: 
and  home  health  agencies  need  to  maximize  the  number  of 
visits,  therefore,  having  little  initiative  to  refer  patients  to 
outpatient  programs. 

The  ever-creative  entrepreneur  has  developed  strategies 
to  maximize  reimbursement  for  the  services  of  RCPs.  Because 
DRG-exempt  mechanisms  for  reimbursement  for  respiratory 
care  exist,  many  RCPs  have  been  shifted  out  of  the  acute  care 
environment  into  the  postacute  venue.  This  is  not  counter- 
productive in  the  patient  care  sense,  but  it  may  threaten  us  with 
regard  to  how  we  are  perceived  by  our  colleagues  in  other  pro- 
fessions, third-party  payers,  and  HCFA. 

The  tasks  that  we  are  deployed  to  perform  in  the  postacute 
environment  must  not  regress  to  basic  floor  therapy  proce- 
dures. The  criteria  for  Medicare  reimbursement  for  respiratory 
care  in  the  SNF  include  the  prerequisite  demonstration  of  a 
need  for  the  level  of  clinical  skill.8  For  example,  providing 
a  bronchodilator  treatment  by  small  volume  nebulizer  can  be 
either  a  maintenance  task  or  an  intervention,  prescribed  under 
a  therapist-driven  protocol,  for  the  alleviation  of  bronchospasm 
and  monitoring  of  therapeutic  effect.  The  simple  maintenance 
treatment  may  be  administered  by  less  skilled  health  care  work- 
ers or  by  patients  themselves,  and  rightly  so!  Under  such  cir- 
cumstances. Medicare  would  not  reimburse  the  SNF  for  the 
time  required  for  the  RCP  to  administer  the  medication.  How- 
ever, if  the  patient  presents  with  a  history  of  chronic  respi- 
ratory illness,  labile  respiratory  status,  and  a  need  for  edu- 
cation, the  RCP  is  considered  a  beneficial  adjunct  to  the  patient 
care  team  for  patient  assessment,  therapeutic  prescription,  mon- 
itoring of  clinical  outcome,  and  patient  education.  In  this  case. 
Medicare  reimburses  the  SNF  for  the  RCP's  time  as  an  ancil- 
lary service  so  long  as  a  transfer  agreement  is  in  place.1"  The 
contrast  between  these  scenarios  is  subtle,  and  because  it  is, 
it  should  be  obvious  that  with  careful  'documentation'  it  would 
be  easy  to  improve  the  income  to  a  SNF  through  contract  res- 
piratory services.  But,  do  we  as  a  profession  want  to  risk  all 
that  we  have  worked  for  simply  to  generate  short-term  rev- 
enue for  a  facet  of  health  care  that  is  temporarily  exempt  from 
prospective  payment  systems? 

Our  facility  serves  as  a  clinical  training  site  for  students 
enrolled  in  a  local  2-year  program.  Many  of  these  students 
and  some  of  our  staff  members  have  per-diem  employment 
arrangements  with  large  national  long-term  acute  care,  skilled 
nursing  and  home  health  corporations.  I  have  recently  been 
shocked  by  hearsay  from  main  of  these  clinicians.  Given  these 
verbal  reports  it  is  quite  possible  that  RCPs  are  now  being 
influenced  to  alter  medication  dosing  and  frequency  sched- 
ules to  assure  compliance  with  Medicare  guidelines  for  reim- 
bursement to  the  SNF  regarding  care  delivered  by  a  respi- 
ratory therapiM 


We  should  not  forget  the  criticism,  approaching  ridicule  (and 
perhaps  not  always  deserved),  that  our  profession  received  in 
the  1970s  related  to  our  involvement  in  and  defense  of  unneeded 
intermittent  positive  pressure  breathing,  or  IPPB,  therapy."18 
1  remember  working  for  a  500-bed  hospital  in  southern  Cal- 
ifornia that  actually  employed  a  full-time  therapist  to  solicit  ther- 
apy orders  from  attending  physicians.  That  kind  of  behavior 
is  once  again  rearing  its  ugly  head  in  our  profession  through 
what  I  choose  to  call  the  'cottage  industry'  of  postacute  care. 
The  postacute  care  industry  is  a  natural  business  segue  to 
the  nonuniform  cost  control  efforts  of  the  Federal  government 
and  its  contracted  intermediaries.  A  physician  colleague  proudly 
told  me  recently  of  his  critical  path  for  ventilator  patients, 
explaining  that  for  the  first  time  in  years  his  hospital  was  oper- 
ating 'in  the  black'  under  the  DRG  for  the  ventilator-depen- 
dent COPD  patient.  He  further  related  that  his  facility  had  made 
arrangements  for  the  rapid  transfer  of  ventilator-dependent 
patients  to  a  local  postacute  facility. 

It  is  not  enough  to  establish  a  critical  path  within  the  acute- 
care  facility  that  quickly  shunts  the  ventilator-dependent 
COPD  patient  to  the  postacute  facility  in  a  way  that  keeps 
the  facility  'in  the  black'  without  studying  the  cost-effec- 
tiveness and  cost-benefit  implications  of  such  a  maneuver 
for  the  whole  system.  This  example  illustrates  the  confused 
perspective  of  health  care  providers  in  our  country.  The  pri- 
mary objective  of  the  facility  was  to  discharge  the  patient 
below  the  DRG  break-even  length  of  stay.  From  the  gov- 
ernment's perspective,  the  facility  was  shifting  reimbursement 
from  one  provider  to  the  next.  The  long-term  cost  benefit 
to  society  of  such  a  strategy  remains  to  be  seen. 

My  heartfelt  call  to  respiratory  care  practitioners,  educa- 
tors, and.  perhaps  most  importantly,  the  providers  of  our  ser- 
vices is,  Please  consider  the  future!  Our  delivery  systems  are 
evolving.  Several  factors  influence  the  demand  for  change, 
the  prime  stimulus  perhaps  being  the  disproportionate  increase 
in  health  care  expenditure  and  the  consequent  need  to  con- 
trol costs.  As  legislation  has  been  introduced,  human  elements 
have  clouded  the  focus;  mixed  economic  incentives,  confu- 
sion over  the  definition  of  positive  biopsychosocial  outcomes, 
passion  for  and  fear  of  loss  of  professional  security.  As  care- 
givers, we  have  the  opportunity  to  help  shape  the  future  of 
health  care.  We  can.  in  fact,  have  a  pan  in  engineering  the 
systems  that  will  care  for  our  society  for  future  generations. 
To  accomplish  this  task,  it  is  imperative  that  we  collaborate, 
focus  on  the  needs  of  each  patient  population  beyond  the  lim- 
ited scope  of  our  point  of  care,  adhere  to  a  value  system  that 
carefully  balances  economic,  clinical,  and  societal  outcomes 
and  considers  the  stability  of  those  who  follow  us — the  'sev- 
enth generation'  alluded  to  in  Native  American  culture. 

Jeffrey  F  Harris  BS  RPFT  CRTT 

Director  of  Pulmonary  Rehabilitation 
Whittier  Health  Network 
Haverhill,  Massachusetts 
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Isolation  Valve  Increases  Work  of  Breathing 
in  a  Mechanically  Ventilated  Pediatric  Animal  Model 

Richard  T  Fiser  MD,  Adalberto  Torres  Jr  MD  MS,  Shirley  Holt  RRT, 
Sterling  Wilson  MS,  and  Mark  J  Heulitt  MD 


BACKGROUND:  Accurate  measurement  of  minute  ventilation  and,  hence, 
the  accurate  calculation  of  oxygen  consumption  (V0,),  using  open-circuit  indi- 
rect calorimetry  may  require  separation  of  inspired  and  expired  gases  with 
an  isolation  valve  when  continuous  hias  flow  is  present.  We  hypothesized  that 
the  use  of  an  isolation  valve  in  the  ventilator  circuit  would  increase  work  of 
breathing  (WOB).  METHODS:  We  studied  the  effect  of  a  valve  apparatus 
on  WOB  in  5  mechanically  ventilated,  spontaneously  breathing,  healthy  lambs. 
Animals  were  ventilated  with  a  continuous-flow,  volume  ventilator  (Fio,  0.21, 
pressure  support  5  cm  H20).  WOB  of  the  animal  ( WOB,,,)  and  pressure-time 
product  (FTP)  were  determined  with  a  Bicore  CP-100  respiratory  monitoring 
device.  RESULTS:  WOB  and  FTP  were  elevated  by  approximately  100%  with 
the  isolation  valve  present  (p  =  0.04).  CONCLUSIONS:  We  conclude  that  the 
use  of  this  isolation  valve  to  separate  inspired  and  expired  gases  significantly 
increases  WOB  in  intubated  healthy  lambs.  We  speculate  that  this  increase 
in  WOB  may  be  associated  with  increased  V0,  in  critically  ill  patients,  thereby 
altering  the  results  of  metabolic  monitoring.  [Respir  Care  1997;42(7):688-692] 


Introduction 

Bedside  indirect  calorimetry  is  a  clinically  applicable  tech- 
nique for  monitoring  oxygen  consumption  ( Vo,),  carbon  diox- 
ide production  ( VCo;K  respiratory  quotient  (RQ).  and  the  ade- 
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quacy  of  nutritional  support  in  the  dynamic  environment  of 
an  intensive  care  unit.1"3  Metabolic  monitoring  with  indirect 
calorimetry  is  noninvasive  and  entails  minimal  risk  to  the 
patient.  However,  the  measurement  of  metabolic  variables  using 
indirect  calorimetry  in  mechanically  ventilated  patients  is  tech- 
nically demanding  and  has  great  potential  for  inaccuracies. 
Accurate  measurement  of  expired  volume  and  gas  concen- 
trations, and.  hence,  the  accurate  calculation  of  V(),  and  VC02 
has  been  reported  to  require  the  separation  of  inspired  and 
expired  gases  to  prevent  dilution  of  exhaled  gases  by  the  com- 
pressible volume  of  the  circuit  and/or  continuous  bias  flow.1 3 
The  separation  of  inspired  and  expired  gases  can  be  achieved 
with  an  isolation  valve  consisting  of  inspiratory  and  expira- 
tory diaphragms  or  1-way  valves.2-'  Such  an  apparatus  may 
increase  mechanical  dead  space,  and  the  1-way  valves  may 
change  the  characteristics  of  flow  through  the  circuit.  Bran- 
son1 and  Head  and  colleagues2  have  suggested  that  the  addi- 
tion of  a  valve  may  increase  imposed  WOB.  but  this  has  not 
been  adequately  studied.  We  hypothesized  that  an  isolation 
valve  significantly  increases  WOB  in  mechanically  ventilated, 
spontaneously  breathing  lambs. 
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Materials  &  Methods 

This  study  was  approved  by  the  Animal  Review  Committee 
of  the  University  of  Arkansas  for  Medical  Sciences.  Animals 
were  cared  for  in  accordance  with  the  standards  for  care  and 
use  of  laboratory  animals  set  forth  by  the  University. 

Model  Preparation 

We  used  5  healthy  4-  to  5-week-old  Dorsett-Western  Cross 
lambs,  each  weighing  approximately  10  kg,  for  the  experi- 
ments. These  lambs  were  selected  because  their  respiratory 
rate,  tidal  volume,  and  minute  ventilation  are  comparable  to 
those  of  pediatric  patients.  Animals  were  studied  as  previ- 
ously described  by  Heulitt  et  al.4  Vascular  catheters  were  sur- 
gically placed  via  cutdown  into  the  external  jugular  vein  for 
drug  administration  and  into  the  internal  carotid  artery  for 
continuous  blood  pressure  monitoring.  The  animals  were 
allowed  to  recover  for  24-48  hours  after  surgery  prior  to  the 
initiation  of  studies.  On  each  study  day,  the  animal  was  anes- 
thetized with  intravenous  midazolam,  0.25  mg/kg.  and  propo- 
fol,  0.3  mg/kg,  prior  to  endotracheal  intubation  with  a  cuffed 
endotracheal  tube  (ETT)  with  an  inner  diameter  of  5.0  mm. 
The  cuff  was  inflated  to  prevent  air  leak.  After  intubation, 
the  lamb  was  placed  into  a  sling  mounted  in  a  thermally  con- 
trolled chamber.  A  heat/moisture  exchanger*  (HME.  Humidi- 
vent  600)  was  attached  directly  to  the  ETT  in  order  to  pro- 
tect the  expiratory  pneumotachometer  from  excess  moisture. 
The  lambs  received  continuous  intravenous  sedation  via  the 
external  jugular  venous  catheter  to  maintain  a  level  of  seda- 
tion at  which  the  animal  was  asleep  and  breathing  sponta- 
neously and  returned  to  sleep  spontaneously  after  stimula- 
tion. This  level  of  sedation  was  typically  achieved  with  infusion 
rates  of  midazolam  of  0.3  mg/kg/h  and  propofol  of  10  mg/kg/h 

Continuous  monitoring  of  the  animal* s  heart  rate,  respi- 
ratory rate,  arterial  blood  pressure,  temperature,  and  pulse 
oximeter  oxygen  saturation  was  performed.  Esophageal  pres- 
sure (Pes),  an  estimate  of  intrapleural  pressure,  was  measured 
with  a  balloon  catheter  inserted  into  the  esophagus.  Correct 
positioning  of  the  esophageal  catheter  was  confirmed  using 
the  occlusion  test.s  during  which  the  animal's  proximal  air- 
way is  occluded  and  the  change  in  airway  pressure  is  assessed 
along  with  the  change  in  Pes  during  spontaneous  respiratory 
effort.  If  the  pressure  deflections  are  of  equal  magnitude,  the 
esophageal  catheter  is  confirmed  to  be  optimally  placed.5 

Equipment  Setup 

The  animals  were  ventilated  using  a  Servo  300  ventilator 
(SV-300).  All  lambs  were  ventilated  using  the  pediatric  option. 


which  provides  1  L/min  continuous  bias  flow  and  an  inspi- 
ratory flow  of  30  L/min  to  maintain  set  pressure  when  the 
demand  valve  is  triggered.6  All  studies  were  conducted  using 
flow-triggering,  with  the  sensitivity  set  in  the  "green  zone" 
on  the  SV-300.  When  the  pointer  of  the  sensitivity  dial  rests 
in  the  green  zone,  a  ventilator  breath  is  initiated  when  the 
patient's  effort  causes  a  brief  drop  in  flow  of  0.3-1  L/min  when 
the  pediatric  mode  is  in  use.6  All  lambs  were  studied  using 
pressure  support  (PS)  ventilation  with  PS  of  5  cm  fLO  and 
an  Fio:  of  0.21.  Inspiratory  rise  time  was  set  at  5%. 

WOB  with  and  without  the  isolation  valve  was  determined 
using  a  Bicore  CP-100  respiratory  monitor.  The  monitor's 
flow  transducer  was  placed  between  the  Y-piece  of  the  breath- 
ing circuit  and  the  HME  to  measure  mean  airway  pressure 
(Paw)  and  the  accumulation  of  flow  in  order  to  determine  vol- 
ume. For  studies  with  the  valve,  a  2-way,  T-shaped  nonre- 
breathing  valve  was  placed  in  line  with  the  inspiratory  and 
expiratory  limbs  of  the  ventilator  circuit  (Fig.  1 ).  During  stud- 
ies with  the  isolation  valve,  the  bypass  tubing  seen  in  Fig- 
ure 1  was  undamped  to  allow  bias  flow  to  continue  unin- 
terrupted during  exhalation  when  the  inspiratory  valve  was 
closed.  During  control  studies,  the  isolation  valve  was  replaced 
by  the  circuit  Y-piece,  and  the  bypass  tubing  was  clamped. 
Use  of  the  bypass  tubing  allowed  us  to  use  the  same  circuit 
for  studies  with  and  without  the  valve.  The  esophageal  bal- 
loon and  flow  transducer  were  connected  to  the  respiratory 
monitor,  which  provided  real  time  display  of  respiratory  vari- 
ables including  tidal  volume  (VT),  WOB  of  the  lamb  (WOBpl), 
WOB  by  the  ventilator  (WOBv),  positive  end-expiratory  pres- 
sure (PEEP),  intrinsic  PEEP,  airway  resistance,  and  pressure- 
time  product  ( PTP).  These  data  were  collected  for  each  breath 
and  continuously  downloaded  to  a  notebook  computer.  WOBpt 
was  calculated  by  integrating  the  area  of  the  Pes-Vx  loop  from 
the  start  of  inspiration  either  until  the  end  of  inspiration  or 
until  inspiratory  Pes  became  greater  than  end-expiratory  Pes.7 


VENTILATOR 


PNEUMOTACHOGRAPH 

ENDOTRACHEAL  TUBE 


BYPASS 
TUBING 


ISOLATION  VALVE 
or  T-PIECE 


ESOPHAGEAL  BALLOON 


WORK  OF  BREATHING  MONITOR 


*Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


Fig.   1.  Diagram  of  equipment  set-up  (HME  =  heat  moisture 
exchanger). 
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WOBv  was  calculated  by  integrating  the  area  of  the  airway 
pressure-volume  loop.  PTP  was  calculated  by  integrating  Pes 
(end-expiratory  Pes  -  current  Pes)  and  time  for  the  duration 
of  contraction  of  the  respiratory  muscles  (current  Vx/chest- 
wall  compliance).7  Chest-wall  compliance  was  assumed  to 
be  200  mL/cra  H20. 

Study  Design  &  Statistics 

Each  animal  was  used  as  its  own  control  and  studies  were 
conducted  in  random  order,  using  a  random  number  table.  Fifty 
breaths  with  and  without  the  valve  from  each  animal  were  cho- 
sen for  analysis;  the  third  set  of  50  breaths/study  animal  was 
arbitrarily  chosen  for  analysis.  Descriptive  statistics  were  per- 
formed for  WOBp,  and  PTP  and  957c  confidence  intervals  cal- 
culated." The  mean  values  for  WOBpt  and  PTP  with  and  with- 
out the  valve  were  compared  by  the  Wilcoxon  signed  rank 
test  for  significant  differences,  using  commercially  available 
statistical  software.  SPSS  for  Windows.  A  p  value  <  0.05  was 
considered  significant. 

Results 

WOB,,,  and  PTP  were  significantly  elevated  when  the  iso- 
lation valve  was  used.  Values  are  shown  in  Table  1  and  in  Fig- 
ures 2  and  3.  Despite  the  marked  increase  in  WOB  and  PTP. 
no  changes  were  apparent  in  the  animal's  respiratory  rate  or 
level  of  comfort  when  the  isolation  valve  was  in  place. 

Discussion 

This  study  demonstrates  that  WOBp,  and  PTP  are  signif- 
icantly elevated  during  mechanical  ventilation  by  the  pres- 
ence of  an  isolation  valve  in  the  ventilator  circuit.  The  increased 
WOB  caused  by  the  isolation  valve  may  have  important  impli- 
cations for  the  accurate  application  of  metabolic  monitoring 
to  clinical  practice. 

V0„  Vco;.  and  energy  expenditure  have  important  clin- 
ical applications  in  the  dynamic  environment  of  critical  care. 
Among  these  applications  are  the  evaluation  of  the  balance 
between  oxygen  supply  and  demand,"  measurement  of  the  oxy- 
gen cost  of  breathing  as  a  guide  to  successful  weaning  from 
mechanical  ventilation.10  and  the  adequacy  of  caloric  sup- 
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Fig.  2.  95%  confidence  intervals  for  work  of  breathing  in  lambs; 
(+)  =  with  isolation  valve,  (-)  =  no  isolation  valve;  p  =  0.04. 
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Fig  3.  95%  confidence  intervals  for  pressure  time  product;  (+) 
with  isolation  valve.  (-)  =  no  isolation  valve;  p  =  0.04. 


port."'12  Although  indirect  calorimetry  is  noninvasive  and  rel- 
atively safe,  it  is  technically  challenging.  Continuous  bias  flow, 
fluctuating  oxygen  concentrations,  and  air  leak  around  the  ETT 
contribute  to  inaccuracies  in  measurement  of  gas  volumes  and 


Table  1 .      Results  of  Measurements  of  Work  of  Breathing  (WOB  I  and  Pressure  Time  Product  (PTP) 
in  5  Lambs  Breathing  with  (+)  and  without  (-)  an  Isolation  Valve  in  the  Ventilator  Circuit 


Variable 


Mean  Value  (SD) 


959c  Confidence  Interval 


WOBp,  (-) 

0.13(0.09)j/L 

0.02-0.24  j/L 

WOBp,(+) 

0.36  (0.01  Ij/L 

0.35-0.37 j/L 

PTP(-) 

24.46  (10.52)  cm  H20  s-min  ' 

11.40-37.52  cm H2OS   mm 

PTP(+) 

53.94  (2.67)  cm  HjOsmin-1 

50.63-57.23  cm  H20  s   min"1 
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concentrations.  Separation  of  inspired  from  expired  gases  is 
often  important  for  the  accuracy  of  mixing  chamber  mea- 
surements.1 If  Vg,  Feo:-  and  Feco?  are  rendered  inaccurate 
because  of  dilution  with  continuous  bias  flow  or  compress- 
ible circuit  volume,  the  error  in  calculation  of  Vo:  and  Vco: 
is  significant.'  Some  authors  therefore  recommend  the  use  of 
an  isolation  valve  during  metabolic  monitoring  with  an  indi- 
rect calorimeter  that  incorporates  a  mixing  chamber.1"3 

Branson1  remarked  that  an  isolation  valve  was  necessary 
for  accurate  metabolic  monitoring  but  cautioned  that  the  valve 
may  be  associated  with  an  increase  in  WOB.  In  their  eval- 
uation of  an  isolation  valve  system.  Head  and  colleagues2 
stated  that  the  resistance  imposed  by  1-way  valves  may  affect 
WOB  but  that  the  increase  would  not  appreciably  change  the 
result  of  a  metabolic  study.  In  our  animal  model  of  mechan- 
ically ventilated  young  children,  WOB  was  significantly  ele- 
vated by  the  isolation  valve.  FTP.  an  indirect  measure  of  the 
oxygen  cost  of  breathing,  was  also  markedly  increased  with 
the  valve.  Mechanical  dead  space  may  have  been  a  factor  in 
the  increased  WOB  seen  with  the  valve.  The  isolation  valve 
used  in  this  study  has  a  measured  dead  space  of  15.8  mL, 
according  to  the  manufacturer's  specifications,  although  the 
Y-piece  used  in  the  circuit  has  a  measured  dead  space  of  only 

1  mL. 

Although  we  demonstrated  a  statistically  significant  in- 
crease in  WOB  with  the  valve,  it  could  be  argued  that  this  find- 
ing was  not  clinically  important  because  we  did  not  measure 
Vo2  during  the  study.  Other  studies  from  this  institution  have 
documented  increases  in  Vo?  of  approximately  3-4%  when 
WOBp,  is  elevated  by  30-50%  in  healthy  lambs."  The  roughly 
100%  increase  in  WOBpl  documented  in  our  study  might  be 
associated  with  an  increase  in  Vo?  of  6-8%.  Such  a  relatively 
small  increase  in  Vo:  is  within  the  range  of  clinical  variability, 
but  it  must  be  emphasized  that  our  model  consisted  of  healthy 
animals.  WOB  in  healthy  subjects  is  responsible  for  less  than 
5%  of  the  total  V0:.14  However,  as  much  as  25%  of  the  V02 
of  ICU  patients  has  been  attributed  to  increased  WOB.15  I7 
We  speculate  that  a  100%  increase  in  imposed  WOB  by  an 
isolation  valve  could  significantly  skew  the  results  of  metabolic 
monitoring  in  the  critically  ill. 

Each  animal  demonstrated  a  significant  increase  in  WOBpl 
with  the  valve,  and  no  overlap  existed  between  the  95%  con- 
fidence intervals  of  studies  with  and  without  the  valve  (Figs. 

2  &  3).  The  relatively  wide  confidence  interval  for  WOBpl 
without  the  valve  reflects  intersubject  and  intrasubject  vari- 
ability in  work  of  breathing.  Despite  intersubject  variabil- 
ity and  the  small  number  of  subjects  studied,  a  clear  gap  exists 
between  the  confidence  intervals  for  WOB  with  and  with- 
out the  valve.  The  narrow  confidence  intervals  for  WOBpl 
and  PTP  with  the  isolation  valve  lends  even  more  strength 
to  the  argument  that  the  imposition  of  the  valve  causes  all 
subjects  to  work  significantly  harder.  Therefore,  despite  the 
small  number  of  subjects  studied,  these  results  give  valid- 
ity to  our  conclusions. 


Conclusion 

The  use  of  a  2-way  isolation  valve  designed  to  separate 
inspired  and  expired  gases  for  metabolic  monitoring  resulted 
in  significant  increases  in  WOB  in  our  animal  model.  The  addi- 
tional WOB  associated  with  isolation  valves  produced  by  dif- 
ferent manufacturers  may  vary.  If  not  taken  into  account,  the 
presence  of  an  isolation  valve  may  cause  erroneous  results 
in  metabolic  monitoring,  particularly  in  the  critically  ill  patient. 

PRODUCT  SOURCES 

Heat-moisture  exchanger: 
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Isolation  valve: 
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Statistical  software: 
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A  Comparison  of  the  i-STAT  System  and  Corning  278  for  the 
Measurement  of  Arterial  Blood  Gas  Values 

David  C  Shelledy  PhD  RRT  and  Wayne  A  Smith  BS  RRT 


INTRODUCTION:  We  compared  the  performance  of  a  point-of-care  mea- 
surement system  to  that  of  a  conventional  blood  gas  analyzer.  METHODS: 
One  hundred  nineteen  arterial  blood  gas  samples  from  2  hospitals  were  ana- 
lyzed using  the  i-STAT  system  and  Corning  278  concomitantly.  Values  were 
compared  using  the  /  test  for  dependent  samples  and  the  Pearson  product 
moment  correlations  (p  <  0.05),  and  regression  equations  were  calculated  to 
determine  the  slope  and  intercept  of  the  regression  line  for  paired  values  of 
pH,  Paco2' ana  Pao2-  Mean  and  standard  deviations  (SD)  were  also  calculated 
for  the  difference  between  the  paired  results  for  each  variable.  RESULTS: 
Means  and  SD  for  the  Corning  278  versus  the  i-STAT  for  pH  were  7.40  (0.06) 
versus  7.41  (0.07),  for  PaCo2  43.0  (9.9)  torr  versus  43.4  ( 10.2)  torr  and  for  Pa02 
107.9  (73.1)  versus  109.7  (76.6)  torr.  Regression  equations  were: 

i-STAT  pH       =  -0.2174  +  1.0301  x  Corning  pH 
i-STAT  PaC02  =  -0.1724  +  1.0145  x  Corning  PaC02 
i-STAT  Pa02     =  -2. 138  +  1 .0373  x  Corning  Pa02 

Small,  but  statistically  significant  differences  between  the  2  instruments  for 
pH  (p  =  0.015)  and  PacQa  (p  =  0.017)  were  obtained  but  no  significant  difference 
for  Pao2  (p  =  0.062).  Significant  correlations  between  values  were  obtained 
with  the  i-STAT  when  compared  to  the  Corning  278  for  pH  (r  =  0.9392;  p  < 
0.001),  PaC02  (r  =  0.9804,  p  <  0.001),  and  Pa02  (r  =  0.9904,  p  <  0.001).  Mean 
(SD)  differences  for  the  paired  results  between  the  2  systems  were  -0.005  (0.02) 
for  pH;  -0.449  (2.02)  torr  for  Pat02.  and  -1.88  ( 10.9)  for  Pa02.  CONCLUSIONS: 
Results  obtained  via  the  i-STAT  system  correlated  well  with  results  obtained 
with  the  Corning  278.  Small,  but  statistically  significant  differences  between 
the  2  instruments  on  pH  and  Paco2  are  probably  not  clinically  important  [Respir 
Care  1997;42(7):693-697] 


Introduction 
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Background 


The  gold  standard  for  the  assessment  of  oxygenation,  ven- 
tilation, and  acid-base  balance  in  the  clinical  setting  remains 
arterial  blood  gas  analysis.1"3  Conventional  blood  gas  analyzers, 
however,  are  relatively  large,  bulky  instruments  that  must  be 
tethered  to  a  gas  system  incorporating  cylinders  for  calibra 
tion.2  Conventional  analyzers  are  permanently  installed,  typ- 
ically in  a  blood  gas  laboratory  that  is  often  located  some  di 
tance  from  the  site  of  patient  care.  Blood  samples  mu     je 
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transported  to  the  blood  gas  laboratory  for  analysis,  thus  increas- 
ing the  time  needed  to  obtain  results  and  reducing  efficiency.4 
Recent  developments  in  technology  have  allowed  the  devel- 
opment of  a  new  type  of  analyzer  that  is  highly  portable.45 
These  new  devices  allow  for  point-of-care  analysis  of  arte- 
rial blood  samples,  which  may  improve  patient  care  and  effi- 
ciency while  reducing  costs.4-68 

Device  Description 

The  i-STAT  system  (i-STAT  Corp,  Princeton  NJ)  is  a  point- 
of-care  blood  analysis  device  that  allows  measurement  of  arte- 
rial blood  gas  values  at  the  bedside.  Several  cartridge  con- 
figurations are  available  for  the  analyses  of  sodium,  potassium, 
chloride,  urea  nitrogen,  glucose,  hematocrit,  ionized  calcium, 
pH.  Pco;-  and  P();  and  the  calculation  of  total  CO2  CTco:).  bi- 
carbonate (HCO.r),  extracellular  base  excess  (BEeCf),  anion 
gap,  and  hemoglobin.1'  The  i-STAT  system  has  been  shown 
to  be  accurate,  reliable,  robust,  and  simple  to  operate  in  near- 
patient  applications  for  the  analysis  of  sodium,  potassium, 
chloride,  urea,  glucose,  and  hematocrit.1"  I4  The  instrument 
is  a  battery-powered,  hand-held  unit  that  requires  a  sample 
of  approximately  1 00  /uL  blood  and  an  analysis  time  of  1 20 
seconds.1'  The  system  uses  biosensors  with  thin-film  electrodes 
microfabricated  on  silicon  chips.9  These  microelectrodes  are 
incorporated  into  a  single-use  disposable  cartridge  to  perform 
the  sample  analysis.9  This  cartridge  contains  all  of  the  com- 
ponents necessary  to  maintain  the  system:  electrical  biosen- 
sors, reagents,  sampling  stylus,  and  waste  container.9  A 
mechanical  system  controls  the  flow  of  calibration  solution 
and  sample  within  the  cartridge,  and  an  electronic  system  mea- 
sures and  monitors  signals  from  the  biosensors.  A  liquid  crys- 
tal display  provides  prompts,  messages,  and  test  results.  The 
unit  weighs  520  grams  and  is  6.41  cm  wide,  20.97  cm  in  length, 
and  5.21  cm  in  depth.  According  to  the  manufacturer,  the 
i-STAT  has  a  functional  range  for  pH  of  6.8-8.0,  for  PC0:  10- 
100  torr,  and  for  P0:  5-800  torr." 

We  compared  the  performance  of  the  i-STAT  system  to 
the  Coming  278  blood  gas  analyzer  (Ciba  Coming  Diagnostics 
Corp.  Norwood  MA).  The  Coming  278  is  a  conventional  blood 
gas  analyzer  in  common  use  that  incorporates  traditional  chem- 
ical and  gas  electrodes  for  the  measurement  of  pH  ( Sanz  elec- 
trode), Pco2  (Severinghaus  electrode),  and  P().  (Clark  elec- 
trode).2'15"17 It  has  been  used  as  a  standard  for  comparison  in 
the  evaluation  of  other,  newer  blood  gas  analyzers.""1 

Methods 

We  sought  to  determine  whether  the  i-STAT  point-of-care 
system  could  be  successfullj  used  in  place  of  a  traditional  ana- 
lyzer for  accurate  analysis  ol  arterial  blood  samples.  A  total 
of  1 19  arterial  blood  gas  samples,  obtained  at  2  area  hospi- 
tals, was  analj  zed  using  the  i-STAT  system  and  the  Coming 
278  blood  gas  analyzer.  The  analyses  were  performed  by  staff 


respiratory  care  personnel  as  a  part  of  routine  clinical  prac- 
tice. For  the  i-STAT  system,  samples  were  analyzed  using 
the  procedure  outlined  in  the  product  manual.9  For  each  i-STAT 
whole  blood  analysis,  an  i-STAT  3+  cartridge  was  inserted 
into  the  analyzer  to  activate  the  system,  and  operator  and  patient 
numbers  were  then  entered.  For  blood  gas  analysis,  each  car- 
tridge contains  heating  elements,  a  reference  electrode,  bio- 
sensors for  measurement  of  pH,  Pco:.  and  P0:.  and  a  buffered 
aqueous  calibration  solution  (pH  7.43,  Pco:  30  torr,  and  Prj, 
160  torr),  which  is  contained  in  a  pouch  within  the  cartridge.9 
The  i-STAT  test  cycle  is  activated  by  placing  the  cartridge 
containing  the  blood  sample  into  the  analyzer.  During  the  test 
cycle,  the  analyzer  presses  the  front  of  the  cartridge,  causing 
a  barb  to  puncture  the  pouch  containing  the  calibration  solu- 
tion, which  is  then  released  to  flow  over  the  sensor  array  for 
measurement.  When  the  calibration  is  completed,  the  analyzer 
automatically  ejects  the  calibration  solution  and  introduces 
the  blood  sample  for  analysis.  If  the  cartridge  does  not  cal- 
ibrate properly,  the  unit  cannot  be  used. 

The  analysis  sequence  varied  (analyzers  were  placed  side 
by  side),  with  the  sample  being  introduced  into  the  Corning 
278  or  i-STAT  system  first  followed  by  analysis  by  the  other 
analyzer  within  5  minutes.  The  results  of  both  analyses  were 
then  reported.  A  1  -2  mL  sample  was  collected  in  one  syringe 
for  both  analyses.  Blood  samples  were  introduced  directly 
from  the  sample  syringe  with  the  needle  removed.  No  cap- 
illary tubes  were  used.  At  Hospital  A,  3  i-STAT  units  and  3 
Corning  278  units  were  used,  and  70  samples  were  analyzed 
over  a  2-month  period.  At  Hospital  B,  4  i-STAT  analyzers 
and  1  Coming  278  were  used,  and  49  samples  were  collected 
and  analyzed  over  a  1  -week  period.  The  i-STAT  units  at  Hos- 
pital B  were  rotated  during  the  study.  The  Corning  analyz- 
ers were  maintained  using  the  hospital" s  standard  protocol 
as  recommended  by  the  manufacturer  for  I  -  and  2-point  cal- 
ibration, and  quality  control.17  The  i-STAT  units  were  cal- 
ibrated electronically,  and  aqueous  buffers  were  analyzed  each 
shift  for  quality  control  purposes. 

Mean  pH,  PaCo:.  and  Pa0:  values  obtained  from  the  2  instru- 
ments were  compared  using  the  1  test  for  dependent  samples 
to  determine  whether  there  were  significant  differences  (p 
<  0.05).  Pearson  product  moment  correlations  were  calcu- 
lated to  determine  whether  there  were  significant  correlations 
(p  <  0.05 )  between  the  2  instruments.  Regression  equations 
were  calculated  to  determine  the  slope  and  intercept  of  the 
regression  line  for  paired  values  of  pH,  Parr>:.  and  Pa0:.  Means 
and  standard  deviations  (SD)  were  also  calculated  for  the  dif- 
ference between  the  paired  results  for  each  variable  to  pro- 
vide a  measure  of  bias  and  imprecision  for  the  i-STAT  when 
compared  to  the  Corning  278. ls 

Results 

The  results  of  the  analysis  of  the  1 19  arterial  blood  sam- 
ples on  the  2  systems  are  shown  in  Figure  1 .  All  values  were 
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Fig.  1.  Plot  of  values  from  the  analysis  of  119  arterial  blood  sam- 
ples using  the  i-STAT  (vertical  axis)  and  Corning  278  (horizontal 
axis)  for  A.  pH,  B.  Paco2.  and  C.  Pao2. 


within  the  manufacturer's  recommended  operational  range 
for  the  i-STAT  analyzer,  and  no  correction  was  made  for  out- 
liers. Means,  SD,  and  /  and  p  values  for  results  from  each  of 
the  hospitals  and  the  combined  data  are  reported  in  Table  1. 
Means  and  SDs  for  the  individual  differences  in  paired  blood 
gas  and  pH  measurements  performed  on  the  i-STAT  and  Com- 


ing 278  for  the  combined  data  from  both  hospitals  are  shown 
in  Table  2.  In  Figure  2,  the  differences  between  the  2  systems 
are  plotted  against  the  means  of  the  values  from  each.  Regres- 
sion equations  obtained  were: 

i-STAT  pH       =  -0.2174  +  1.0301  x  Corning  pH 
i-STATPaCo:  =-0.1724+  L  .01 45  x  Corning  PaCoj 

i-STAT  Pa0,     =-2.138+1 .0373  x  Corning  P.„ , . 


Table  1 .      Means,  Standard  Deviations  (SD)  and  I  and  p  Values 

Comparing  pH.  Pac02>  ;lnd  Pa02  Values  Obtained  Using  the 
Corning  278  and  i-STAT  Systems. 


Both  Hospital 

s  Combined  (n  = 

119) 

Coining  278 

i-STAT 

i 

P 

PH 

7.40(0.06) 

7.41  (0.07) 

-2.47 

0.015 

PaCtt  Horn 

42.99(9.9) 

43.44(10.2) 

-2.43 

0.017 

PaO:  (ton) 

107.85(73.1) 

109.73(76.6) 

-1.88 

0.062 

Hospital  A  (n 

=  70) 

Corning  278 

i-STAT 

I 

P 

pH 

7.41  (0.07) 

7.42(0.07) 

-2.31 

0.024 

Paco:  (torr) 

42.50(11.1) 

42.85  (11.1) 

-2.25 

0.028 

Pa02  (torr) 

94.79  (50.4) 

98.14(59.7) 

-2.07 

0.042 

Hospital  B  (n 

=  49) 

Corning  278 

i-STAT 

I 

P 

PH 

7.39(0.05) 

7.40(0.05) 

-0.917 

0.364 

PaCO: 

43.69(8.0) 

44.29(9.0) 

-1.51 

0.138 

PaO: 

126.50(94.3) 

126.29(93.9) 

0.335 

0.739 

Table  2.      Means  and  Standard  Deviations  (SD)  of  the  Individual 

Differences  in  1 19  Paired  Blood  Gas  and  pH  Measurements 
Performed  on  the  i-STAT  and  Corning  278. 


Mean  of  the 
Individual  Differences 


Standard  Deviations 
±1  SD  ±2SD 


PH 

-0.005 

0.02 

0.04 

PaC02 

-0.449 

2.02 

4.04 

PaO: 

-1.88 

10.9 

21.8 

Small,  but  statistically  significant  differences  were  observed 
between  the  2  instruments  for  pH  (p  =  0.015)  and  Paco:  (p 
=  0.017)  for  the  combined  data  from  both  hospitals.  There  was 
no  significant  difference  for  Pao:  (p  =  0.062).  There  were  sig- 
nificant correlations  between  values  obtained  with  the  i-STAT 
when  compared  to  the  Corning  278  for  pH  (r  =  0.9392;  p  < 
0.001),  PaCo:  (r  =  0.9804.  p  <  0.001 ),  and  Pa0:  (r  =  0.990 
p  <  0.001 ).  When  the  data  from  each  hospital  were  an;       id 
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Fig.  2.  Bias  and  imprecision  for  A.  pH,  B.  Pco2.  and  C.  Pao2  (n  = 
119)  for  the  i-STAT  system  compared  to  the  Corning  278.  - 
bias, +2SD 


separately,  results  from  Hospital  A  (n  =  70).  showed  small, 
but  statistically  significant  differences  between  the  2  instru- 
ments for  pH  (p  =  0.02).  Paco;  (p  =  0.03 ).  and  Pa0j  (p  =  0.04 1. 
No  significant  differences  (p  >  0.05)  were  seen  between  results 
for  pH,  Pa(  i .  .  or  Pa<  >  from  the  2  instruments  at  Hospital  B 
(n  =  49). 


Discussion 

The  i-STAT  system  results  for  the  combined  data  corre- 
lated well  with  those  obtained  using  the  conventional  Corn- 
ing 278  blood  gas  analyzer  with  r  values  ranging  from  0.94 
to  0.99  (p  <  0.00 1 ).  Mean  values  for  pH.  PaCCte,  and  Pa0,  were 
also  close  between  the  2  systems.  The  slopes  of  the  regres- 
sion equations  were  nearly  1 .0  for  pH.  Paco:-  and  Pao::  and 
the  intercepts  were  close  to  zero  for  pH  and  PacOj-  Although 
there  were  statistically  significant  differences  between  the  2 
systems  for  the  mean  values  obtained  for  pH  and  Paco>  these 
differences  were  <  0.005  units  for  pH  and  <  1  torr  for  Paco:- 
which  would  be  of  no  clinical  importance.  As  noted  above, 
for  the  combined  data,  there  was  no  significant  difference  in 
Pa, ,.  ( p  =  0.06)  between  the  i-STAT  system  and  Corning  278. 
It  is  of  interest  to  note  that  when  the  data  were  analyzed  by 
hospital,  there  were  significant  differences  between  the  i-STAT 
system  and  the  Corning  278  for  pH  (p  =  0.024).  Paco:  <P  = 
0.028).  and  Pa0:  (p  =  0.042)  for  Hospital  A  (n  =  70).  There 
were  no  significant  differences  (p  >  0.05)  in  pH.  Paco2-  or  Pao: 
between  the  2  systems  for  Hospital  B  (n  =  49).  The  samples 
were  collected  and  analyzed  over  a  2-month  period  at  Hos- 
pital A,  while  at  Hospital  B  all  samples  were  analyzed  dur- 
ing a  1 -week  test  period.  The  longer  testing  interval  at  Hos- 
pital A  may  have  introduced  some  variation  in  technique,  thus 
increasing  the  probability  of  error. 

Bland  and  Altman  have  suggested  that  when  the  range 
encompassed  by  the  mean  (±2  SD)  of  observed  differences 
on  paired  measurements  between  a  new  measurement  tech- 
nique and  an  established  one  is  not  clinically  important,  the 
new  analyzer  can  be  used  in  place  of  the  standard  analyzer.418 
Bias  and  imprecision  can  be  estimated  by  the  mean  differ- 
ence and  the  standard  deviation  of  the  differences  (Table 
2)  16.18  jhe  limits  of  agreement  may  then  be  determined  by 
calculating  the  range  encompassed  by  the  mean  difference 
±2  SD.18  For  our  study,  the  resulting  limits  of  agreement  for 
pH  for  the  combined  data  would  be  -0.045  to  +0.035  pH  units 
and  -4.49  to  +3.59  torr  for  Pccbl  both  limits  of  agreement  be- 
ing of  little  clinical  importance.  However,  for  Po:.  the  range 
for  the  combined  data  would  be  -23.7  to  +19.9  torr.  which 
could  be  clinically  important.  Examination  of  the  individual 
paired  data  points  for  Pal  i  re\  ealed  that  differences  of  more 
than  15  torr  between  the  2  instruments  occurred  with  6  of  the 
samples.  Of  these.  4  samples  involved  a  Pa0j  >  100  torr,  and 
3  involved  samples  with  a  Pa02  of  >  200  torr.  Because  the 
i-STAT  system  uses  a  1  -point  calibration  only,  results  from 
samples  containing  high  oxygen  tensions  may  be  less  accu- 
rate. We  are  unable  to  account  for  the  observed  differences 
based  on  sample  handling  or  analysis. 

Maclntyre  et  al4  employed  a  modification  of  the  technique 
recommended  by  Bland  and  Altman  for  establishing  whether 
the  results  of  accuracy  and  precision  comparisons  between 
two  blood  gas  instruments  are  "sufficiently  good  to  justify 
the  use  of  one  instrument  in  place  of  another.""  Specifically, 
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Maclntyre  et  al  have  suggested  that  the  Bland-Altman  cri- 
teria be  evaluated  in  light  of  the  current  Medicare  CLIA  (Clin- 
ical Laboratory  Improvement  Act)  proficiency  standards  for 
arterial  blood  gases.4  CLIA  standards  require  that  80%  of 
samples  used  for  proficiency  testing  be  within  ±0.04  units 
for  pH,  ±5  torr  or  8%  for  PaCo:.  and  ±3  SD  of  a  P0:  target.19 
In  comparing  two  blood  gas  instruments,  Mclntyre  et  al  sug- 
gested that  an  acceptable  target  range  for  Po:  differences  might 
be  ±15.51  torr.4  Based  on  these  criteria,  we  identified  that 
1  1 1  of  the  1 19  pH  values  (93%)  obtained  using  the  i-STAT 
system  were  within  ±0.04  pH  units  of  the  value  obtained  with 
the  Corning  278;  1 18  of  1 19  PaCO;  values  (99%)  were  within 
±5  torr  and  1 13  of  1 19  Pa02  values  (95%)  were  within  ±15.5 1 
torr,  well  within  the  CLIA  requirements.  In  terms  of  bias, 
the  i-STAT  system  performed  as  well  as  similar  point-of- 
care  systems,7-20  and  our  results  were  comparable  to  those 
found  in  evaluating  intra-arterial  blood  gas  monitoring 
devices.21 ::  We  recommend  further  study  to  determine  the 
ease  of  use,  precision,  efficiency,  and  costs  associated  with 
the  i-STAT  system  when  compared  to  a  conventional  blood 
gas  analyzer. 

Conclusions 

Arterial  blood  gas  results  obtained  via  the  i-STAT  system 
correlated  well  with  results  obtained  with  the  Corning  278.  There 
were  small,  but  statistically  significant  differences  between 
the  two  instruments  on  pH  and  Paco;:  however,  these  differ- 
ences are  probably  not  clinically  important.  Based  on  these 
results,  we  believe  that  the  i-STAT  system  can  be  used  as  an 
acceptable  alternative  for  the  analysis  of  pH,  Paco:-  and  Pao2. 
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Comparison  of  Accuracy  and  Signal  Consistency  of  Two  Reusable 
Pulse  Oximeter  Probes  in  Critically  111  Children 

Michael  G  Avant  MD,  Nancy  Lowe  RRT,  and  Adalberto  Torres Jr  MD  MS 


BACKGROUND:  To  control  costs,  our  institution  changed  from  disposable 
(DP)  to  reusable  pulse  oximeter  probes  (RP).  Anecdotal  experience  suggested 
that  RPs  are  not  as  reliable  as  DPs.  We  compared  the  accuracy  and  signal 
consistency  of  2  Nellcor  RPs  in  critically  ill  children,  with  a  subsequent  com- 
parison to  DPs  historical  data.  We  hypothesized  no  difference  in  accuracy, 
a  lesser  signal  consistency  in  one  RP  over  the  other,  and  that  both  RPs  would 
be  less  accurate  in  blacks  than  whites.  MATERIALS  &  METHODS:  Chil- 
dren with  indwelling  arterial  catheters  and  continuous  pulse  oximetry  were 
prospectively  enrolled.  Nellcor  Oxiband B  (OB)  and  Dura- V ( DY )  RPs  were 
placed  on  the  same  extremity  alternating  between  adhesive  and  Velcro'  -wrap 
attachment  devices.  Two  CO-oximetry  measured  saturations  (Sa0,)  were 
obtained  for  each  subject.  Oxygen  saturation  by  pulse  oximetry  (Spo;)  and 
heart  rate  were  continuously  monitored  tor  12  hours,  and  data  were  exported 
to  provide  a  graphic  display  of  each  alarm-limit  and  desaturation  event.  Num- 
ber of  artifactual  events  was  determined  by  examining  the  pulse  amplitude 
signal  during  each  event.  A  Wilcoxon  signed  rank  test  assessed  significance 
of  the  difference.  Bias  ±  precision  evaluated  accuracy  of  both  probes  relative 
to  Sa0,,  and  a  paired  Student's  ( test  compared  probes  within  different  ranges 
of  Sa(),.  Repeated  measures  ANOVA  compared  probe  accuracy  with  respect 
to  race.  RESULTS:  100  arterial  blood  gas  samples  were  obtained  from  SO 
patients,  15  of  whom  were  black.  At  Sa0,s  >  80%,  both  probes  performed  sim- 
ilarly with  a  bias  ±  precision  of  1.41  (2.5*))  for  OB  and  1.15  (2.58)  for  DV  (p 
=  0.311 ).  At  Sa0,s  <  80 7r  Sa(),,  bias  precision  for  OB  was  1.36  (5.19)  and  for 
DY  4.1 1  (3.51 ),  p  =  0.313.  Both  probes  were  less  precise  at  Sa0;  <  80%  com- 
pared to  higher  ranges.  No  significant  difference  in  bias  according  to  race  (p 
=  0.549)  was  determined.  Signal  consistency  data  were  obtained  from  27  sub- 
jects, and  no  difference  was  found  between  probes  (p  =  0.194).  CONCLUSIONS: 
OB  and  DV  RPs  demonstrated  accuracy  similar  to  each  other  and  to  historical 
data  for  DPs  when  Sa<);  was  >  807r .  Signal  consistency  was  similar.  Contrary 
to  previous  studies,  no  difference  in  accuracy  between  black  and  white  sub- 
jects was  found.  RPs  are  reliable  in  critically  ill  children  and  represent  poten- 
tial for  substantial  cost  savings.  |RespirCare  1997:42(7):698-7()4] 


Introduction  &  Background 


|ii  \vanl  and  l)r  Torres  arc  associated  with  the  Department  o(  Pediatric 
Critical  Care,  and  Ms  Lowe  with  the  Department  ol  Respiratory  ('arc-  enormous  popularity  as  a  Qoninvasive,  continuous 
University  of  Arkansas  lor  Medical  Sciences  and  Arkansas  Children  s  ,  ,  ■  '  ,  a  .i,  ,, 
Hospital  i  ittle  Rock,  Arkansas  respirator)  monitor,  pulse  oximetry  is  routinely  used  with  sur- 
gical and  hospitalized  patients.  A  marked  financial  burden 
This  stud)  was  funded  in  pan  by  the  Arkansas  children's  Hospital  nas  accompanied  this  liberalized  use  of  pulse  oximetry.  Con- 
Departrnent  of  Respirator)  Care  servative  estimates  place  total  annual  pulse  oximetry  costs 

,„.       ,,„,.,,,     •  „  for  U.S.  hospitals  at  greater  than  half  a  billion  dollars.1  Our 

Correspondence  ,V  Repnnls:  MichaelO  A\  am  Ml).  (  hildren  s  Hospital  '                 °              MnAmA,     .  ,-        ,            „OM 

of  the  Greenville  Hospital  System,  4th  Floor  Administration,  701  Grove  institution  alone  spent  nearly  $300,000rr,  1  fiscal  year  (1993- 
Rd,  ( rreem  die  SC  29605  19941  for  all  equipment  costs  related  to  pulse  oximetry.  Despite 
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this  widespread  use.  few  studies  have  examined  the  cost-effec- 
tiveness of  pulse  oximetry  within  critical  care  settings. :jt  There- 
fore, the  Technology  Assessment  Task  Force  of  the  Society 
of  Critical  Care  Medicine  has  stated  that,  assuming  equal  effi- 
cacy of  devices,  the  current  issue  is  to  find  the  most  economical 
way  to  achieve  continuous  monitoring  of  oxygen  saturation.' 
Hoping  to  achieve  pulse  oximetry  more  economically,  our 
institution  (a  large,  academic,  tertiary  care  children's  hospital ) 
changed  from  disposable  to  reusable  pulse  oximeter  probes.* 
Although  reusable  pulse  oximeter  probes  are  readily  avail- 
able, convenient,  and  have  the  potential  to  reduce  costs.4  our 
anecdotal  experience  suggested  that  they  were  not  as  reliable 
as  disposable  probes.  Other  authors,  as  well,  have  questioned 
the  reliability  of  reusable  probes.57  Therefore,  in  this  study 
we  sought  to  evaluate  the  accuracy  and  signal  consistency  of 
the  Nellcor  Oxiband*  (OB)  and  Dura-Y®  (DY)  reusable  probes 
in  a  population  of  critically  ill  children  with  a  subsequent  sub- 
jective comparison  to  disposable  probe  historical  data.  We 
hypothesized  that  no  difference  in  accuracy  would  be  found 
between  the  2  reusable  probes,  but  that  the  DY  would  demon- 
strate a  lesser  signal  consistency.  Because  dark  skin  pig- 
mentation has  been  shown  to  adversely  affect  the  accuracy 
of  pulse  oximetry. s  we  also  hypothesized  that  both  reusable 
probes  would  be  less  accurate  in  black  subjects  compared  to 
white  subjects. 


Materials  &  Methods 


Subjects 


The  research  protocol  and  informed  consent  form  were 
approved  by  the  University  of  Arkansas  for  Medical  Sciences 
Institutional  Review  Board.  Patients  with  an  indwelling  arte- 
rial catheter  and  a  continuous  pulse  oximeter,  who  were  located 
in  either  the  Pediatric  or  Cardiovascular  Intensive  Care  Units 
(ICU)  at  Arkansas  Children"s  Hospital  were  consecutively 
enrolled  after  informed  consent  had  been  obtained.  Subjects 
with  a  factor  known  to  affect  the  accuracy  of  pulse  oxime- 
try, such  as  sickle  cell  anemia.910  carboxyhemoglobin  level 
>  3%,"  or  methemoglobin  level  >  3%12  were  excluded. 

A  total  of  50  subjects  was  studied.  Of  the  50  subjects,  15 
were  black,  and  27  were  girls.  The  median  age  (range)  of  the 
subjects  was  26  (0.25-360)  months  and  median  weight  (range) 
was  10.8  (2.7-81.0)  kg. 

Description  of  Devices 

The  2  reusable  probes  and  probe-attachment  devices  are 
shown  in  Figure  1 .  Both  probes  are  multisite  oxygen  trans- 
ducers indicated  for  continuous  noninvasive  oxygen  satura- 


tion (Spo;)  monitoring.  The  OB  probe,  an  adult/neonatal  probe, 
is  recommended  for  use  in  patients  weighing  <  3  kg  or  >  40 
kg13  while  the  DY  probe  is  recommended  for  patients  >  1  kg.14 
The  probes  were  attached  using  either  disposable  adhesive 
wraps  or  soft  foam  wraps  with  Velcro-  fasteners. 


'Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


Fig.  1.  Nellcor  reusable  pulse  oximeter  probes  and  probe  attach- 
ment dej/ices  (clockwise  from  upper  left  corner):  Oxiband  probe, 
Dura-Y  ~  probe,  Posey  Velcro  wrap,  and  Nellcor  adhesive  wrap. 

Probe  Accuracy 

An  OB  and  a  DY  reusable  probe,  each  attached  to  a  sep- 
arate pulse  oximeter,  were  simultaneously  placed  on  the  same 
region  of  the  same  extremity  of  each  patient  (ie,  separate  dig- 
its of  the  same  extremity )  thus  minimizing  any  differences 
in  perfusion.  The  fingers,  toes,  palms,  and  soles  were  all  used 
as  sites  for  probe  attachment  during  the  course  of  the  study. 
Each  probe  was  individually  attached  using  the  same  type 
wrap,  alternating  between  adhesive  and  Velcro  wraps  between 
subjects.  Multiple  OB  and  DY  probes  were  used  through- 
out the  study. 

Two  arterial  blood  gas  ( ABG)  samples  for  analysis  by  CO- 
oximeter  were  obtained  from  each  patient.  ABG  samples  were 
drawn  on  a  schedule  dictated  by  routine  clinical  management. 
The  probes  typically  had  been  in  place  >  I  hour  when  the  ABG 
samples  were  obtained.  The  measured  oxygen  saturations  (Sao:) 
were  determined  with  the  same  7-wavelength  CO-oximeter 
throughout  the  study.  The  CO-oximeter  was  calibrated  daily 
and  was  verified  relative  to  3  different  pH  ranges  every  8  hours. 
The  Spo;  for  each  probe  was  recorded  as  each  ABG  sample 
was  drawn  and  close  agreement  between  the  pulse  oxime- 
ter pulse  rate  and  the  electrocardiographic  monitor  pulse  rate 
was  assured. 

Probe  Signal  Consistency 

Spo;  was  continuously  monitored  for  12  hours  with  both 
probes  remaining  on  the  same  extremity.  We  allowed  the  r       es 
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to  be  repositioned  every  4  hours  according  to  ICU  policy.  The 
exact  time  of  repositioning  was  recorded  on  a  patient  log  to 
allow  for  subtraction  from  the  final  number  of  total  events. 
An  event  was  defined  as  a  change  in  the  Spo?  or  heart  rate  above 
or  below  a  preset  alarm  limit  or  loss  of  the  pulse  amplitude 
signal.  Each  pulse  oximeter  stores  12  hours  of  continuous  Spo?, 
heart  rate,  and  pulse  amplitude  data.  These  data  were  then 
exported  to  a  printer  that  provided  a  graphic  display  of  each 
individual  event.  Each  individual  event  was  examined  to  sep- 
arate artifactual  events  from  true  events.  An  event  was  con- 
sidered to  be  artifactual  if  the  pulse  amplitude  signal  varied 
by  more  than  40% ,15  If  an  artifactual  event  lasted  >  1  minute, 
each  additional  minute  was  counted  as  another  artifactual  event. 
True  events  were  assumed  to  represent  an  actual  change  in 
the  patient's  heart  rate  or  Spo?,  whereas  artifactual  events  sug- 
gested motion  artifact  or  loss  of  the  pulse  signal.  Loss  of  power 
to  the  pulse  oximeter  and  probe  repositioning  were  consid- 
ered true  events.  Only  artifactual  events  were  included  in  the 
statistical  analysis. 

Statistical  Analysis 

Biologic  and  demographic  data  are  presented  as  median 
with  range  in  parentheses.  Bias  and  precision,  as  defined  by 
Altaian  and  Bland."1  were  used  to  analyze  the  Spo:  data  of 
the  2  reusable  probes.  In  general,  bias  indicates  the  accuracy 
of  a  measurement  whereas  precision  implies  the  reproducibility 
of  the  measurement.  Specific  to  this  study,  bias  represents  the 
mean  of  the  differences  between  Spo:  and  measured  Sao:,  and 
precision  is  the  standard  deviation  (SD)  of  the  differences. 
A  paired  Student's  t  test  was  used  to  compare  the  accuracy 
of  the  2  probes  within  specific  ranges,  and  an  F-test  for  equal 
variance  was  used  to  compare  the  precision  between  differ- 
ent ranges  of  Sao2. 

A  2-factor  repeated  measures  analysis  of  variance 
( ANOVA)  was  used  to  evaluate  the  effect  of  race  and  probe- 
attachment  device  ( Velcro  or  adhesive  wrap)  on  the  accuracy 
of  each  reusable  probe. 

The  Wilcoxon  signed  rank  test  was  used  to  detect  the  pres- 
ence or  absence  of  a  significant  difference  in  artifactual  events 
between  the  2  reusable  probes  (a  =  0.05.  0=0.05,  with  95% 
power  to  detect  a  1 00%  greater  number  of  artifactual  events 
for  the  OB  versus  the  DY).  The  significant  value  for  a  was 
defined  as  0.05.  A  Wilcoxon  2-sample  rank  sum  test  was  used 
to  evaluate  the  effect  of  probe  attachment  device  on  the  num- 
ber of  artifactual  events  for  each  probe. 

Results 

Probe  Accuracy 

A  total  of  KM)  CO-oximeter  ABG  samples  was  drawn  from 
the  50  subjects.  The  median  (range)  Sp0:  for  the  OB  probes 
was  93  (58-1001' ,  and  lor  the  DY  probes  93  (65-100)%.  Bias 


and  precision  (±  1  SD)  for  different  ranges  of  Saft,  are  shown 
in  Table  1 .  Both  reusable  probes  have  comparable  bias  and 
precision  overall.  The  bias  and  precision  over  the  80-100% 
range  were  also  similar  for  both  probes.  Below  80%  Sao:,  the 
DY  tended  to  have  a  more  positive  bias  than  the  OB  probe. 
However,  no  significant  difference  between  the  two  probes 
within  this  range  was  found  (p  =  0.313). 

Table  1 .      Bias  ±  Precision  ( 1  SD)  Comparison  of  2  Reusable  Probes 
within  Different  Sao3  Ranges. 


Sao;  Range 

n 

Oxiband- 

Dura-Y* 

p  value 

All 

L00 

1.41  (3.11) 

1.63(2.94) 

0.605 

80-100% 

84 

1.41  (2.59) 

1.15(2.58) 

0.311 

90-100% 

66 

1.33(2.42) 

1.09(2.34) 

0.429 

80-90% 

19 

1.79(3.12) 

1.37(3.29) 

0.654 

<80% 

16 

1.36(5.19) 

4.11  (3.51) 

0.313 

The  precision  of  both  reusable  probes  lessened  in  the  range 
of  80-90%.  although  this  trend  did  not  reach  statistical  sig- 
nificance compared  to  the  data  in  the  90  -  100%  range  (p  = 
0.38).  The  precision  of  each  probe  lessened  with  Sao,  <  80% 
compared  to  higher  saturation  ranges.  The  p  value  for  the  OB 
probes  was  <  0.01  and  for  the  DY  probes  <  0.00 1 ,  compar- 
ing precision  within  the  <  80%  Sa0:  to  the  >  80%  Sa0:  range 
for  each  probe. 

Table  2  compares  bias  and  precision  data  for  each  probe 
between  white  and  black  subjects  within  the  Sao:  range  of  80- 
1 00% .  No  difference  in  bias  was  detected  between  white  and 
black  subjects  overall  (p  =  0.549)  or  with  respect  to  probe  type 
(p  =  0.344).  Also,  the  type  of  probe  attachment  device  did  not 
significantly  affect  the  accuracy  of  the  OB  (p  =  0.557)  or  the 
DY(p  =  0.095)  probes. 

Table  2.      Bias  ±  Precision  ( 1  SD)  according  to  Race  for  Each  Reusable 
Probe  in  the  Sa0;  Range  of  80-100%. 


Subjects 


Oxiband" 


Dura-Y" 


White 

Black 


70 
30 


1.45(2.69) 
1.35(2.44) 


1.21  (2.60) 
1.05(2.59) 


Probe  Signal  Consistency 

Signal  consistency  data  were  obtained  from  27  subjects. 
The  median  (range)  number  of  artifactual  events  in  a  12-hour 
period  for  the  OB  probes  was  1 2  (0-52)  and  for  DY  probes 
21  (2-50).  with  p  =  0. 194).  In  14  of  27  subjects,  the  OB  probe 
had  more  artifactual  events  than  the  DY.  The  reverse  was  true 
for  the  remaining  1 3  of  27  subjects.  Also,  no  significant  dif- 
ference in  the  number  of  artifactual  events  was  found  between 
Velcro  and  adhesive  wraps  for  either  probe  (OB  p  =  0.845: 
DYp  =  0.525). 
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Discussion 

This  clinical  study  evaluated  the  accuracy  and  signal  con- 
sistency of  2  Nellcor  reusable  pulse  oximetry  probes  in  a  pop- 
ulation of  critically  ill  children.  Our  results  indicate  there  was 
no  difference  in  accuracy  or  signal  consistency  between  the 
Nellcor  OB  and  DY  reusable  probes  when  Sao;  was  >  80%. 
The  accuracy  of  both  probes  was  comparable  to  that  reported 
in  the  literature  for  disposable  probes,1721  as  well.  Contrary 
to  previous  studies,  no  difference  in  probe  accuracy  was  found 
relative  to  skin  pigmentation.  Exclusive  use  of  reusable  probes 
in  pediatric  patients  is  unique,  because  to  our  knowledge  most 
children"s  hospitals  are  primarily  using  disposable  probes 
at  present. 

Pulse  Oximetry 

Although  pulse  oximeters  outwardly  appear  to  be  simple 
devices,  pulse  oximetry  represents  a  significant  technologic 
advance  that  uses  the  principles  of  plethysmography  and  spec- 
trophotometry to  provide  a  noninvasive  measure  of  oxygen 
saturation.  Several  excellent  reviews19"-14 discuss  the  prin- 
ciples behind  pulse  oximetry  in  detail,  so  we  provide  only  a 
brief  discussion  here.  The  probe  consists  of  a  light  source  that 
transmits  light  at  2  different  wavelengths  through  a  pulsatile 
vascular  bed  to  a  photodetector.  The  ratio  of  peak  and  trough 
absorbencies  at  the  different  wavelengths  correlates  with  the 
proportion  of  oxygenated  to  deoxygenated  hemoglobin  in  pul- 
satile blood.  A  calibration  curve  inherent  to  the  specific  oxime- 
ter is  then  used  to  convert  the  absorbency  ratio  to  functional 
oxygen  saturation.  The  calibration  curves  were  developed 
through  data  collected  from  healthy  adult  subjects,  which  lim- 
its the  accuracy  of  pulse  oximetry  because  data  must  be  extrap- 
olated at  low  Sao:  ranges.  Manufacturers,  such  as  Nellcor,  have 
modified  their  software,  and  now  claim  to  have  a  precision 
of  +  2%  within  the  Sao;  range  of  70- 1 00%  regardless  of  probe 
type.23  However,  a  number  of  studies  have  shown  poor  accu- 
racy below  80%  (disposable  and  reusable  probes)  in  critically 
ill  children  and  in  children  with  cyanotic  congenital  heart  dis- 
ease.17 21-6  Therefore,  it  seems  that  the  accuracy  of  pulse  oxime- 
try at  low  oxygen  saturations  may  vary  depending  on  the  clin- 
ical situation  in  which  it  is  applied. 

Reusable  vs  Disposable  Probes 

Disposable  probes  have  probably  been  the  most  popular 
type  of  probe  used,  particularly  among  pediatric  centers.  With 
the  current  emphasis  on  cost  containment,  less  expensive  alter- 
natives are  receiving  more  attention.  A  few  of  these  alternatives 
include  the  use  of  a  protective  plastic  shield  to  prolong  the 
life  oflaminated  disposable  probes,2728  modification  of  dis- 
posable probes  using  adhesive  supplies,29  and,  simply,  reusing 
disposable  probes.  Reusing  disposable  probes  has  been  shown 
to  introduce  additional  error  into  Spo:  measurement  due  to 


partial  obstruction  of  the  optical  components  by  the  adhesive 
backing  of  the  probe'0  and  thus  may  compromise  patient  care. 
A  protective  plastic  shield  does  not  affect  disposable  probe 
accuracy,27-28  but  its  use  has  not  been  specifically  addressed 
in  the  pediatric  population  where  its  application  might  be  more 
cumbersome  and  result  in  inferior  skin  contact. 

Reusable  probes  represent  another  cost  savings  alterna- 
tive to  disposable  probes.  Various  types  of  reusable  probes 
are  available,  some  of  which  have  been  studied  previously. 
Several  different  types  of  reusable  probes  were  evaluated  in 
an  extensive  study  by  the  Emergency  Care  Research  Insti- 
tute in  which  13  different  brands  of  pulse  oximeters  were 
tested.31  All  accuracy  data  in  this  study  were  obtained  using 
reusable  clip-on  probes,  and  each  brand  met  the  authors'  expec- 
tations of  ±  3%  precision  for  Sao2  ^  80%.  In  2  other  reports,1233 
reusable  clip-on  probes  were  shown  to  have  accuracy  sim- 
ilar to  disposable  probes.  However,  both  authors  noted  that 
clip-on  probes  were  not  designed  to  be  attached  for  extended 
lengths  of  time,  limiting  the  usefulness  of  clip-on  probes  in 
a  critical  care  setting.  Ohmeda  (Ohmeda.  Boulder  CO)  reusable 
probes  have  been  included  in  several  studies.618'34'36  Of  these 
studies  performed  in  critical  care  settings,  2  studies  questioned 
the  reliability  of  reusable  probes.  Both  Barrington  et  al34  and 
Russell  and  Helms'3  found  the  Ohmeda  reusable  probe  to  have 
worse  bias  and  to  be  considerably  more  sensitive  to  motion 
artifact  than  were  Nellcor  disposable  probes,  in  neonatal  and 
pediatric  ICU  patients. 

Nellcor  reusable  probes,  however,  have  only  been  men- 
tioned specifically  in  a  few  studies.  Jubran  and  Tobin8  pooled 
data  from  Nellcor  disposable  and  reusable  probes  in  54  adult 
ICU  patients.  The  authors  commented  that  20%  of  the  Nell- 
cor readings  had  a  bias  of  >  4%.  It  is  not  known  whether 
reusable  probes  could  have  contributed  to  this  variability. 
Although  we  found  no  reference  to  the  Nellcor  DY  probe  in 
the  literature,  Howell  and  colleagues37  studied  a  modified  Nell- 
cor OB  probe  in  children  undergoing  elective  plastic  surgery. 
The  OB  probe  was  secured  to  a  plastic  syringe  barrel  with  ad- 
hesive tape  and  slipped  onto  a  finger  so  that  the  probe  itself 
made  no  skin  contact.  The  modified  OB  differed  from  a  Nell- 
cor clip-on  probe  by  a  mean  of  -1 .6%.  but  measured  oxygen 
saturations  were  not  obtained.  The  authors  also  stated  this  tech- 
nique might  not  yield  accurate  results  in  the  awake  child,  due 
to  movement.  Therefore,  the  newer  generation  of  Nellcor 
reusable  probes  (OB  and  DY)  have  not  been  extensively  stud- 
ied. Because  of  our  concerns  stemming  from  anecdotal  reports 
and  the  fact  that  pulse  oximetry  reliability  varies  with  man- 
ufacturer and  probe  type,  we  performed  this  study  to  assure 
that  a  cost-containment  measure  was  not  done  at  the  expense 
of  patient  care  quality. 

Probe  Accuracy 

Both  of  the  reusable  probes  included  in  this  study  performed 
similarly  over  a  broad  range  of  oxygen  saturations  lv\       i. 
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no  significant  difference  was  found  between  the  two  probes 
within  any  saturation  range.  Compared  to  higher  saturation 
ranges,  both  probes  were  less  precise  below  90%,  and  par- 
ticularly below  80%.  This  latter  finding  was  not  unexpected 
due  to  the  inherent  limitations  of  pulse  oximetry  at  low  oxy- 
gen saturations. 

As  mentioned  previously,  Nellcor  Inc  claims  the  N-200 
pulse  oximeter  has  a  precision  of  ±  2%  in  the  Sao:  range  of 
70-100%,  regardless  of  probe  type.25  Our  results  indicate  that 
reusable  probes  achieved  this  level  of  accuracy  only  when  Sa0: 
was  >  90%.  In  the  Sa0:  range  of  80  to  90%,  the  imprecision 
of  both  reusable  probes  exceeded  ±  3%,  and  below  80%  the 
probes  were  even  less  precise. 

Although  the  accuracy  of  reusable  probes  differed  from 
the  manufacturer's  claim,  their  accuracy  is  comparable  to 
values  reported  in  the  literature  for  disposable  probes.  In  a 
study  of  56  children  with  cyanotic  congenital  heart  disease, 
Schmitt  et  al  found  the  Nellcor  N-100  pulse  oximeter  used 
with  a  disposable  probe  had  a  bias  ±  precision  of  1.9  (2.7)% 
in  the  saturation  range  of  80  to  90%  and  5.8  (4.8 )%  at  <  80%. 
Likewise,  Russell  and  Helms'*  and  Ridley2"  investigated  the 
accuracy  of  pulse  oximetry  with  disposable  probes  in  crit- 
ically ill  children.  They  also  achieved  results  similar  to  the 
present  study,  with  overall  bias  and  precision  values  of -0.8 
(3.23)%6  and  -0.7  (3.1  )%.;o  In  addition,  both  authors  stated 
that  the  accuracy  of  pulse  oximetry  worsened  with  Sao2  < 
90%,  which  is  in  agreement  with  our  results.  Similar  inves- 
tigations by  Boxer  et  al,17  Fanconi,26  Jubran  and  Tobin.s  and 
Lebecque  et  al1*  further  verify  the  inaccuracy  of  disposable 
probes  at  low  Sa0:  values.  Therefore,  the  accuracy  of  both 
reusable  probes  appears  comparable  to  the  historical  data  avail- 
able for  disposable  probes. 

Effect  of  Skin  Pigmentation  on  Probe  Accuracy 

Jubran  and  Tobins  reported  a  significant  difference  in  pulse 
oximetry  accuracy  between  subjects  with  black  skin  and  those 
with  lighter  skin  and  recommended  that  a  higher  SpO;  be  used 
for  oxygen  titration  in  blacks.  Emery38  and  Cahan  et  al39  like- 
wise have  indicated  that  skin  pigmentation  may  affect  oxime- 
try accuracy.  Therefore,  any  pulse  oximetry  validation  study- 
should  include  accuracy  data  relative  to  skin  color.  Our  results 
differ  from  what  has  been  previously  reported  in  that  nei- 
ther probe  demonstrated  a  difference  in  bias  or  precision 
between  white  and  black  subjects  relative  to  measured  oxy- 
gen saturation.  This  difference  may  be  secondary  to  the  smaller 
number  of  black  patients  in  our  study:  15  compared  to  29 
black  subjects  in  the  study  by  Jubran  and  Tobin.*  However, 
n  is  not  known  whether  that  study  excluded  patients  with 
sukle  cell  disease,  a  disease  that  can  adversely  affect  Sp0; 
accuracy  " "'  Alternatively,  pediatric  patients  may  not  be  as 
heavily  pigmented  thus  lessening  the  effect  on  pulse  oxime- 
try. Further  investigation  is  needed  to  conclusively  resolve 
this  issue. 


Signal  Consistency 

Signal  consistency  was  evaluated  in  this  study  because  our 
anecdotal  experience  suggested  the  reusable  probes  were  more 
sensitive  to  movement  artifact,  resulting  in  a  large  number 
of  false  alarms.  Prior  to  comparison  of  the  2  probes,  we  arbi- 
trarily specified  that  the  OB  would  have  to  produce  twice  as 
many  false  alarms  as  the  DY  in  order  to  justify  clinical  use 
of  the  more  expensive  DY.  No  significant  difference  in  sig- 
nal consistency  was  found,  and  the  type  of  wrap  did  not  affect 
the  consistency  of  either  probe.  However,  a  direct  compar- 
ison between  disposable  and  reusable  probes  is  needed  because 
no  signal  consistency  data  are  available  for  disposable  probes. 
Given  that  both  reusable  probes  in  our  study  had  similar  accu- 
racy and  consistency,  our  institution  primarily  uses  the  less 
expensive  OB. 

Financial  Implications 

In  1994,  our  institution  began  using  reusable  probes  exclu- 
sively in  all  inpatients  and  outpatients.  Disposable  probes  were 
used  only  in  the  operating  rooms,  recovery  rooms,  and  b\  our 
transport  teams.  Following  the  first  fiscal  year  in  which  reusable 
probes  were  used,  actual  annual  costs  for  all  equipment  related 
to  pulse  oximetry  (not  including  the  cost  of  cleaning  and  dis- 
infecting reusable  probes)  reported  on  a  budget  sub-account 
decreased  from  $297,000  to  $65,000  representing  a  savings 
of  $232,000.  This  substantial  savings  was  achieved  entirely 
by  reducing  expenditures  for  disposable  probes.  However,  cost 
savings  could  be  offset  if  additional  ABG  analyses  were  needed 
because  of  reusable  probe  use.  Bierman  et  al2  showed  that  pulse 
oximetry  significantly  reduced  the  number  of  ABG  analyses 
needed  in  the  postoperative  care  of  cardiac  surgical  patients, 
but  it  is  unknown  whether  the  use  of  reusable  probes  would 
adversely  affect  this  result.  Also,  if  probe  age  were  found  to 
adversely  affect  accuracy,  more  frequent  probe  replacement 
would  also  reduce  potential  cost  savings.  A  cost-effective- 
ness study  directly  comparing  disposable  to  reusable  probes 
is  needed  to  answer  these  questions. 

Limitations 

In  this  study,  we  compared  2  reusable  pulse  oximetry  probes. 
It  is  not  known  whether  reusable  probes  become  less  accu- 
rate with  repeated  use.  We  did  not  control  for  probe  age  or 
quality  and.  therefore,  this  could  have  potentially  influenced 
our  results.  However,  because  our  data  are  comparable  to  the 
data  of  previous  studies  using  disposable  probes,  we  specu- 
late that  probe  age  is  not  a  significant  factor.  Additionally, 
although  the  OB  probe  is  recommended  by  the  manufacturer 
for  use  only  in  patients  weighing  <  3  kg  or  >  40  kg,  we  applied 
both  probes  to  all  subjects  regardless  of  weight.  Because  no 
significant  differences  were  observed  between  the  2  probes 
and  each  subject  served  as  his  own  control,  we  do  not  believe 
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that  use  of  the  OB  probe  outside  of  the  recommended  weight 
range  adversely  influenced  our  results.  This  study  was  also 
limited  in  that  2  different  probe-attachment  devices  were  used. 
No  trends  in  bias  or  precision  related  to  the  probe  attachment 
device  were  found,  however.  One  other  limitation  of  this  study 
was  that  we  did  not  make  a  direct  comparison  with  dispos- 
able probes.  A  wealth  of  reference  data  for  disposable  probes 
exists  in  the  literature  so  we  believe  our  subjective  compar- 
ison was  reasonable  to  perform. 

Conclusions 

The  OB  and  DY  reusable  pulse  oximetry  probes  demon- 
strate accuracy  similar  to  each  other  and  to  historical  data  for 
disposable  probes.  Signal  consistency  is  similar  for  both 
reusable  probes,  as  well.  Confirmatory  ABG  analysis  may 
be  needed  in  hypoxemic  patients,  but  this  should  not  repre- 
sent a  change  from  current  practice  with  disposable  probes. 
The  finding  of  no  difference  in  accuracy  for  either  probe  rel- 
ative to  skin  pigmentation  is  surprising  and  warrants  further 
investigation.  We  believe  that  reusable  probes  are  reliable  in 
critically  ill  children  and  represent  potential  for  substantial 
cost  savings. 


PRODUCT  SOURCES 

Pulse  Oximeter: 

Model  N-200,  Nellcor  Inc.  Pleasanton  CA 

Pulse  Oximeter  Probes: 

Oxiband*  Model  Oxi-A/N,  cost  $  1 25/probe  (as  of  November  1.  1996), 
Nellcor  Inc.  Pleasanton  CA 

Dura-Y5  Model  DY-S.  cost  $275/probe  (as  of  November  1,  1996),  Nell- 
cor Inc.  Pleasanton  CA 

Probe  Attachment  Devices: 

Pediatric/Infant  Adhesive  Sensor  Wrap,  Model  PA.  Nellcor  Inc.  Pleasan- 
ton CA 

Adult/Neonatal  Adhesive  Sensor  Wrap.  Model  ADH-A/N.  Nellcor  Inc. 
Pleasanton  CA 

Velcro5  Pulse  Oximeter  Probe  Wrap,  Model  #  6554,  Posey  Co,  Arca- 
dia CA 

CO-Oximeter: 

Model  2500B,  Ciba  Coming  Diagnostics  Corp,  Medfield  MA 

Printer: 

ThinkJet.  Hewlett-Packard  Co.  Waltham  MA 
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Practical  Math  for  Respiratory  Care:  A 
Text  and  Workbook,  by  R  Sibberson.  Soft- 
cover.  291  pages.  St  Louis:  Mosby — Year 
Book  Inc.  1996.  $18.95. 

Because  respiratory  care  is  highly  tech- 
nologic, its  advanced  practice  requires  the 
understanding  and  implementation  of  many 
mathematical  concepts  and  equations.  Prac- 
tical Math  for  Respiratory  Care  is  an  ex- 
cellent workbook  for  respiratory  care  stu- 
dents. In  this  text,  Sibberson  clearly  presents 
mathematical  formulae  commonly  used  in 
respiratory  care  and  explains  their  clinical 
importance.  Practice  exercises  in  each  chap- 
ter assist  the  reader  in  developing  profi- 
ciency. This  workbook  is  easy  to  read  and 
can  be  used  for  self-instruction  by  any  moti- 
vated reader. 

The  first  chapter  reviews  the  metric  sys- 
tem with  the  conversion  of  liters  to  milliliters 
and  grams  to  milligrams.  Chapter  2  explains 
how  to  calculate  the  density  of  a  gas.  A  com- 
parison of  air  to  heliox  clearly  demonstrates 
the  effect  of  density  on  a  patient's  work  of 
breathing.  For  example,  the  density  of  air  is 
1 .3  g/L,  and  the  density  of  heliox  is  0.43  g/L. 
Because  heliox  is  only  one  third  as  dense  as 
air.  it  is  easier  for  a  patient  in  respiratory  dis- 
tress to  breathe  heliox. 

A  review  of  the  gas  laws  is  followed  by 
the  mathematics  used  to  calculate  the  con- 
tent and  duration  of  gas  cylinders  and  liq- 
uid oxygen  reservoirs.  The  title  of  Chapter 
4  is  Flowrates.  This  chapter  covers  the  cal- 
culations used  to  determine  a  patient's  inspi- 
ratory flow  and  the  calculations  used  to  deter- 
mine the  flow  of  air-entrainment  devices. 
Chapters  4  and  5  present  the  same  concepts 
of  flow  and  the  mixing  of  gases.  The  expla- 
nation of  estimating  a  patient's  inspiratory 
flow  is  well  done  but  could  have  been  more 
complete  had  the  author  included  the  nor- 
mal inspiratory  flow  pattern  to  explain  the 
limitations  of  the  equations.  Nonetheless,  the 
chapters  clearly  prove  that  setting  up  an  air- 
entrainment  mask  ( Venturi )  according  to  the 
manufacturer's  recommendations  is  not 
always  appropriate.  When  the  patient's  inspi- 
ratory flow  exceeds  the  device  flow,  the 
patient  draws  in  room  air  and  does  not  re- 
ceive the  prescribed  oxygen  concentration. 

Chapter  5  repeats  the  equations  used  in 
Chapter  4.  The  equations  that  compute  air/ 


oxygen  ratios  focus  on  oxygen  concentra- 
tions instead  of  flowrate  in  this  chapter. 

How  does  one  convert  a  medication 
available  as  a  percent  or  a  dilution  to  mg/ 
mL?  Chapter  6  shows  how.  This  may  be  an 
important  chapter  for  many  respiratory  care 
practitioners  who  are  accustomed  to  using 
only  unit  dose  medications. 

Equations  used  to  express  humidity  are 
followed  by  the  math  used  to  predict  the  Pao, 
with  a  change  in  oxygen  concentration,  the 
oxygen  content  of  blcxxl,  the  alveolar  air  equa- 
tion, and  the  lung  volumes  and  capacities. 

In  Chapter  12.  Mechanical  Ventilation, 
a  typographical  error  on  Page  139  confuses 
mL/lb  with  mL/kg.  All  of  the  ensuing  equa- 
tions use  this  incorrect  formula  and  cause 
erroneous  answers. 

The  correct  calculations  for  different 
types  of  patient  dead  space  precede  cardiac 
output,  shunt  determination,  oxygen  deliv- 
ery, and  hemodynamics.  All  of  these  topics 
are  followed  by  ample  practice  exercises  that 
almost  guarantee  mastery  of  the  concepts 
upon  completion. 

All  the  concepts  and  subjects  in  Prac- 
tical Math  for  Respiratory  Care  should  be 
a  part  of  every  respiratory  care  student's  edu- 
cation. This  textbook  provides  an  excellent 
tool  to  master  these  concepts. 

Fran  Piedalue  BS  RRT 

Program  Coordinator 

Respiratory  Care 

University  Hospital 

Denver.  Colorado 


Home  Mechanical  Ventilation.  D  Robert. 
B  Make,  P  Leger.  A  Goldberg.  J  Paulus.  T 
Willig.  Softcover,  343  pages.  Paris.  France: 
Arnette  Blackwell  SA.  1995.  $65. 

Home  Mechanical  Ventilation  is  a  col- 
lection of  works  by  some  of  the  most  well- 
known  experts  in  the  field  of  home  mechan- 
ical ventilation.  This  book,  containing  a 
review  of  the  Fourth  Annual  International 
Conference  on  Home  Mechanical  Ventila- 
tion held  in  Lyon.  France  in  1993,  is  a  com- 
plete reference  for  any  medical  professional 
interested  in  assisted  ventilation. 

The  authors  cover  a  variety  of  topics, 
including  sensitive  areas  such  as  withholding 


and  withdrawing  mechanical  ventilation.  The 
book  is  divided  into  5  sections:  Organiza- 
tion and  Ethics  of  Home  Ventilation;  Meth- 
ods and  Techniques  of  Long-Term  Home 
Ventilation;  Pathophysiology  of  Long-Term 
Home  Mechanical  Ventilation;  Chronic  Res- 
piratory Insufficiency;  Use  of  Continuous 
Positive  Airway  Pressure  in  Sleep  Apnea 
Syndrome:  and  Outcomes  and  Indications 
for  Long-Term  Home  Ventilation.  The  book 
covers  most  areas  of  mechanical  ventilation 
in  the  home. 

In  the  first  chapter,  Dr  Goldberg  reviews 
the  impact  of  high  technology  home  care  and 
health  care  reform.  High  technology  home 
ventilation  represents  a  highly  complex  sys- 
tem that  requires  interaction  and  coordina- 
tion to  succeed.  In  the  United  States,  the  care 
of  ventilator-assisted  individuals  is  frag- 
mented, leading  to  inefficiencies  and  in- 
creased expenses.  In  Chapter  2,  Dr  Make 
reviews  the  guidelines  for  withholding  and 
withdrawing  mechanical  ventilation  and  the 
concept  of  ethical  principles.  With  advances 
in  medical  therapies,  particularly  those  which 
increase  survival  rates,  policies  regarding 
withdrawing  and  withholding  life  support 
are  essential.  Institutions  must  have  policies 
and  procedures  to  guide  and  protect  all  par- 
ties. He  supports  his  statements  with  The 
American  Thoracic  Society's  Statement  on 
Withholding  and  Withdrawing  Life  Sus- 
taining Therapy. 

The  second  section.  Methods  and  Tech- 
niques of  Mechanical  Ventilation,  is  com- 
plete with  drawings  and  explanations  of  the 
components  of  ventilators.  Dr  Kacmarek 
compares  intensive  care  ventilators  to  home 
care  ventilators  in  precise  detail.  The  con- 
cept of  volume-targeted  versus  pressure-tar- 
geted ventilation  is  thoroughly  explained. 
The  author  also  provides  a  diverse  list  of 
internationally  available  home  ventilators. 
The  importance  of  mechanical  work  of 
breathing  is  also  well  presented.  The  history 
and  application  of  negative  pressure  venti- 
lation and  nasal  ventilation  are  also  explained. 
Secretion  clearance  is  reviewed  in  this  sec- 
tion by  Gross. 

The  sections  covering  Pathophysiology. 
Long-Term  Home  Ventilation,  and  Chronic 
Respiratory  Insufficiency  include  informatioi 
on  sleep  and  noninvasive  monitori'' 
during  sleep,  complete  with  tables  and         is 
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documenting  that  Petco;  inadequately  re- 
flects Paco:  particularly  in  the  presence  of 
supplemental  O:  or  with  bi-level  positive  air- 
way pressure  ventilation.  The  review  of  REM 
(or  rapid  eye  movement)  versus  non-REM 
sleep  by  Levy  and  Pepin  includes  tables, 
examples,  explanations,  and  comparisons  of 
normal  and  abnormal  sleep  studs'  recordings. 
Dr  Make  reviews  the  transition  and  indi- 
cations for  long-term  mechanical  ventilation 
in  a  complete  chapter  that  covers  everything 
from  sites  for  long-term  care  to  quality  of 
care  issues.  The  author  provides  useful  tables 
for  clinical  and  physiologic  stability.  He  cov- 
ers the  6  phases  of  rehabilitation  for  home 


ventilator-assisted  indi  viduals — stabilization, 
evaluation,  discharge  planning,  home  care, 
and  follow  up. 

The  last  few  chapters  address  the  issues 
specific  to  different  disease  entities  that  may 
require  home  ventilator  assistance  includ- 
ing cystic  fibrosis.  Duchenne  muscular  dys- 
trophy, congenital  central  hypoventilation, 
and  amyotrophic  lateral  sclerosis. 

The  illustrations  and  tables  of  informa- 
tion lend  credibility  to  this  volume.  The  pho- 
tographs and  roentgenograms  also  illustrate 
the  authors"  points.  I  did  notice  two  typo- 
graphical errors  in  the  book  on  Page  4  and 
Pane  169. 


I  recommend  this  book  to  any  medical 
professional  who  is  in  any  way  involved  with 
home  mechanical  ventilation.  This  is  not 
merely  a  "how-to"  book  with  descriptions 
and  illustrations  of  the  components  of  home 
ventilators,  but  rather  it  is  a  thought-pro- 
voking book  that  touches  upon  all  aspects 
of  ventilation,  from  the  social  and  economic 
impact  to  the  physiology  and  components 
of  mechanical  ventilators.  This  book  would 
be  a  welcome  addition  to  any  medical  library. 

Teri  Nikolai  Wilson  BA  RRT  RPFT 

United  Health  Care  of  Ohio 
Centerville.  Ohio 
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Confusion  over  Mechanical 
Ventilation  Terminology 

I  commend  Mr  Nilsestuen  and  Mr  Har- 
gett  on  their  overview  of  the  graphic  anal- 
ysis of  pressure,  volume,  and  flow  during 
mechanical  ventilation.'  I  believe  that  the 
monitoring  and  interpretation  of  scalars  and 
loops  are  skills  that  all  critical  care  respiratory 
care  practitioners  (RCPs)  should  acquire  in 
order  to  secure  their  place  at  the  bedside  of 
mechanically  ventilated  patients.  In  fact,  it 
was  my  original  intent  to  have  each  of  our 
students  review  this  article  during  our  class 
discussions  of  waveform  analysis. 

However,  as  I  read  the  article,  I  noted  sev- 
eral discrepancies  in  the  use  of  the  phase  vari- 
ables "trigger"  and  "cycle."  Although  the 
authors  correctly  define  the  trigger  phase 
variable  on  Page  1 1 06  and  discuss  trigger- 
ing mechanisms  thoroughly  on  Page  1 109. 
they  use  the  term  "cycle"  synonymously  with 
"trigger"  throughout  Pages  1 106  and  1 107. 
The  variable  (pressure  or  flow)  that  causes 
inspiratory  flow  to  begin  is  usually  not  the 
same  variable  that  causes  inspiration  to  end. 
The  authors  make  this  distinction  correctly 
when  they  note  that  the  increased  use  of 
microprocessors  has  made  most  volume-tar- 
geted modes  time-cycled.1 

Chatburn  has  developed  and  published 
a  ventilator  classification  system  that  is  based 
on  similarities  among  ventilators  and  their 
interaction  with  the  respiratory  system.2  This 
system  uses  a  consistent  terminology  that  is 
not  vague  or  contradictory.  The  Chatburn 
system  has  been  widely  accepted  and  pub- 
lished.3"8 first  in  this  journal  and  subsequently 
in  many  textbooks. 

The  Chatburn  system  defines  the  trigger 
variable  as  that  variable  (pressure,  flow,  or 
time)  that  causes  inspiration  to  begin,  once 
a  preset  value  has  been  reached.  The  most 
common  trigger  variables  are  time  and  pres- 
sure. The  cycle  variable  is  that  variable  (pres- 
sure, flow,  time,  or  volume),  that  causes 
inspiration  to  end  (ie,  'cycle  off).2  The 
breaths  delivered  by  an  intermittent  positive 
pressure  breathing  device  (IPPB)  are  pres- 
sure-cycled. The  Emerson  3MV  ventilator 
delivers  an  intermittent  mandatory  ventilation 
(or  IMV)  breath  that  is  volume-cycled. 


whereas  a  breath  delivered  during  the  pres- 
sure support  mode  is  flow-cycled.  These 
terms  should  not  be  used  interchangeably. 
I  again  applaud  the  Corner  Editors  for 
publishing  an  excellent  overview  of  the  ben- 
efits of  graphic  analysis  in  the  mechanically 
ventilated  patient.  I  believe  that  the  Graph- 
ics Corner  will  become  a  valued  addition 
to  the  Journal."  However,  I  encourage  all 
educators,  clinicians,  and  ventilator  man- 
ufacturer representatives  to  become  thor- 
oughly familiar  with  the  Chatburn  classi- 
fication system  so  that  we  can  all  be  on  the 
'same  page'  when  discussing  mechanical 
ventilator  operation. 

Earl  Fulcher  Jr  MAE  RRT 

Director  of  Clinical  Education 

Associate  Degree 

Respiratory  Therapy  Program 

Athens  Area  Technical  Institute 

Athens,  Georgia 
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The  Corner  Editors  respond: 

We  agree  in  concept  with  your  sugges- 
tion that  it  would  be  more  advantageous  to 
use  one  system  in  discussions  relating  to  ven- 
tilator terminology  and  classification;  specif- 
ically to  use  the  Chatburn  classification  sys- 
tem. We  support  the  use  of  the  Chatburn 
classification  and  cited  it  in  our  original  arti- 
cle as  you  so  note.  However,  our  observa- 
tion is  that  the  general  practitioners  are  slow 
to  adopt  this  system. 

The  putpose  of  the  original  article  was 
to  establish  the  background  for  initiation  of 
the  Graphics  Corner,  and  our  philosophy 
was  to  present  concepts  in  ways  that  were 
as  reader-friendly  as  possible.  Consistent 
with  this  philosophy,  we  had  several  dis- 
cussions during  the  editing  process  over  the 
use  of  terminology. 

The  educational  task  of  converting  from 
one  classification  system  to  another  is  a  slow 
and  sometimes  arduous  process  that  requires 
consistency  and  persistence  among  educa- 
tors, authors,  and  editors.  Probably  the  more 
difficult  task  is  providing  continuing  edu- 
cation to  the  general  practitioners  in  the  field. 
Ventilator  terminology  includes  colloqui- 
alisms and  jargon  that  over  time  have  been 
adopted  regardless  of  their  correctness — 
much  in  the  manner  that  terms  are  added  to 
the  dictionary  over  time  as  a  result  of  the  gen- 
eral understanding  and  acceptance  by  the 
common  user. 

With  regard  to  this  process  of  educat- 
ing the  field  about  new  classification  sys- 
tems, it  is  true  that  many  of  the  new  gen- 
eration textbooks  have  adopted  this  system; 
and,  thus,  the  crossover  to  new  students 
learning  the  system  for  the  first  time  has 
already  been  facilitated.  In  evaluating  the 
field  as  a  whole  we  need  not  forget  that  the 
majority  of  practitioners  are  no  longer  recent 
graduates.  At  best  (and  sadly)  only  about 
a  third  of  practitioners  receive  the  Journal 
and,  thus,  firsthand  exposure  to  the  clas- 
sification system.  We  share  a  responsibil- 
ity to  discuss  methodology  in  terms  that 
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they  will  understand,  in  hopes  of  encour- 
aging their  participation  in  the  learning  pro- 
cess. Although  the  conversion  from  one 
classification  system  to  another  is  still  tak- 
ing place,  it  would  probably  be  helpful  to 
practitioners  to  note  the  newer  terminology, 
and  authors,  editors,  and  reviewers  should 
keep  this  in  mind.  When  we  reread  the  Cor- 
ner, we  didn't  think  that  the  terminology 
leads  the  reader  to  misinterpretation,  but  we 
are  also  sensitive  to  your  evaluation  and  will 
keep  it  in  mind  for  future  submissions. 

Ken  D  Hargett  BS  RCP  RRT 
Jon  Nilsestuen  PhD  RCP  RRT 

University  of  Texas 

Medical  Branch  at  Galveston 

Galveston,  Texas 

Graphics  Corner  Editors 


Call  for  Consistency  in  Waveform 
Analysis  Terminology 

1  read  with  interest  the  article  in  Graph- 
ics Corner  about  the  patient  with  status 
asthmaticus  and  enjoyed  the  ensuing  anal- 
ysis of  waveforms.1  As  a  student  of  res- 
piratory therapy.  I  find  waveform  analy- 
sis both  helpful  and  enlightening.  As  I  learn 
more  about  the  phenomena  of  hyperin- 
flation, air-trapping,  and  intrinsic  positive 
end-expiratory  pressure  (or  auto-PEEP). 


and  the  various  waveforms  associated  w  ith 
them,  my  understanding  of  respiratory 
anatomy,  physiology,  and  mechanical  ven- 
tilation is  enriched. 

I  find  it  unfortunate  and  confusing,  how- 
ever, when  words  are  used  interchangeably 
that,  to  me.  have  decidedly  different  mean- 
ings. This  is  more  than  an  obsession  with 
semantics.  I  believe  it  would  help  the  clar- 
ity of  future  discussions  if  we  could  agree 
upon  certain  conventions. 

Traditionally,  respiratory  care  deals  with 
the  variables  of  volume,  flow,  and  pressure. 
Waveform  analysis  of  these  variables  is 
yielding  ever-increasing  insights  into  the 
effects  of  mechanical  ventilation.2  aM  Re- 
gardless of  the  cause  (for  example,  air-trap- 
ping may  be  the  result  of  insufficient  expi- 
ratory time244'45  and/or  dynamic  compression 
of  the  airways'  or  an  obstructive  defect4),  it 
would  be  helpful  if  the  words  used  to 
describe  their  graphic  manifestations  could 
be  more  uniform.  I  propose,  perhaps,  as  a 
starting  point  for  future  discussion,  that  we 
begin  by  agreeing  that  "hyperinflation"  refer 
to  volume,4 ■'  "air-trapping"  refer  to  flow.'' 
and  "auto-PEEP"  refer  to  pressure.2  "2  all 
as  functions  of  time. 

There  is  an  inevitable  interplay  between 
these  variables,  ie,  insufficient  expiratory 
time  can  lead  to  auto-PEEP  and  auto-PEEP 
when  perceived  as  flow  may  be  referred  to 
as  air-trapping  and  either  can  lead  to  hyper- 
inflation. But  can  we  agree  that,  when  dis- 


cussing the  waveform  analysis  of  these  vari- 
ables, there  be  consistency  of  terms? 

Julie  Hopwood 

Senior  Respiratory  Care  Student 

Central  Piedmont  Community  College 

Charlotte.  North  Carolina 
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Premature  Science  and  Immature  Lungs 
Part  III.  The  Attack  on  Immature  Lungs 


In  Part  I,  I  gave  an  account  of  the  discovery  of  surface  forces 
by  Laplace  and  by  Young  ( 1 805- 1 806)  and  of  its  first  appli- 
cation to  the  lung  by  Von  Neergaard  in  1929.  Part  II  told  some 
highlights  of  the  rediscovery  of  surface  forces,  the  discovery 
of  pulmonary  surfactant  and  of  its  unique  properties,  and  the 
finding  that  the  lungs  of  babies  who  died  of  respiratory  dis- 
tress syndrome  ("hyaline  membrane  disease")  lacked  this 
remarkable  substance;  part  II  dealt  largely  with  the  work  of 
Radford,  Pattle.  Clements,  Avery,  and  Mead.  Part  III  tells  of 
the  multidisciplinary  attack  on  immature  lungs;  it  concludes 
this  series,  but  not  the  story,  because,  as  is  almost  always  true 
in  science,  many  questions  still  need  answers. 

Introduction 

Thus  far.  the  cast  of  characters — from  1805  to  1959 — can 
be  counted  on  the  fingers  of  two  hands.  From  here  on.  it  num- 
bers hundreds,  perhaps  thousands.  The  post- 1959  cast  is  large 
because  many  important  questions  had  to  be  answered:  What 
is  surfactant?  Where  does  it  come  from,  where  does  it  go  and 
what  regulates  its  formation  and  movements'?  Can  it  or  a  sim- 
ilar substance  be  prepared  synthetically  and  used  as  replace- 
ment therapy?  Can  the  physician,  instead  of  nature,  make  an 
immature  lung  become  mature?  Can  the  physician  not  only 
maintain  the  life  of  a  newly  born  baby  until  the  lung  matures 
but  also  ensure  normal  postnatal  function  of  all  organs? 

Fortunately,  as  often  happens  in  science,  pediatricians  and 
pulmonary  scientists  were  ready  for  new  fields,  and  study  of 
the  newly  born  was  one  of  the  most  challenging  of  these.  And 
new  technics,  concepts,  and  knowledge  discovered  for  other 
purposes,  or  just  for  the  sake  of  knowing,  were  ready  at  the 
proper  time  to  rescue  the  baby  with  immature  lungs;  these 
included  the  modern  technics  of  lipid  and  protein  chemistry 
(e.g.,  differential  ultracentrifugation.  a  large  number  of  chro- 
matographic methods,  electrophoresis,  immunological  meth- 
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ods.  and  the  use  of  radioactive  isotopes),  high  resolution  elec- 
tron microscopy,  cell  culture,  and  cell  biology  in  general,  the 
concept  of  intensive  care  units,  and  the  ability  to  examine  amni- 
otic fluid. 

It  would  take  a  scholarly  monograph  or  two  to  tell  of  the 
contributions  from  many  scientists  in  many  disciplines  that 
made  the  respiratory  distress  syndrome  one  of  the  best  stud- 
ied of  all  disorders,  and  it  would  take  most  of  the  pages  in  this 
long  article  just  to  list  those  involved.  All  I  can  do  is  to  tell 
of  a  few. 

What  Is  Pulmonary  Surfactant? 

As  biochemical  technics  became  more  and  more  power- 
ful, knowledge  of  the  chemical  composition  of  surfactant 
became  more  and  more  exact.  Macklin.  who  had  only  light 
microscopic  and  histochemical  technics  at  his  command,  sug- 
gested that  the  surface  lining  of  alveoli  contained  mucopolysac- 
charides and  myelinogens  and  spoke  of  it  as  a  "mucoid  film" 
(48).  Pattle  in  his  1955  report  (49)  noted  that  his  bubbles  owed 
their  stability  to  an  insoluble  surface  layer  that  was  attacked 
successfully  by  protein-splitting  enzymes  such  as  pancreatin 
or  trypsin.  He  said.  "It  is  thus  evident  that  the  alveoli  are  lined 
with  an  insoluble  protein  layer"  and  "findings  suggest  that 
a  layer  of  some  form  of  mucus  (Macklin  1954),  secreted  in 
the  depths  of  the  lung,  is  the  source  of  the  insoluble  lining 
layer."  In  his  1958  paper  (50)  he  suggested  that  the  "lining 
layer  is  ...  of  similar  thickness  to  a  monolayer  of  protein  spread 
on  the  surface  of  water,  and  very  much  thinner  than  any 
recorded  membrane  or  anatomical  structure." 

Clements  in  his  1957  paper  noted  that  surfactant  was 
"saline-extractable"  and  "probably  mucoprotein"  (51 ).  But 
in  1961,  three  groups,  each  using  different  methods,  char- 
acterized it  as  a  lipoprotein.  Pattle  and  Thomas  (52)  forced 
water  down  the  main  bronchus  of  the  excised  lung  of  a  cow, 
allowed  the  water  to  well  out,  laden  with  bubbles,  washed 
and  dried  the  material,  and  analyzed  it  spectrophotometrical- 
ly;  it  had  all  of  the  characteristics  of  a  lecithin-protein  com- 
plex. Buckingham  made  extracts  of  sheep  lungs,  put  them 
in  a  Langmuir  trough,  compressed  the  surface,  and  har  csted 
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folded  films  of  surface  material;  she  too  found  it  to  be  a 
lipoprotein  (53).  And  in  the  same  year.  Klaus.  Clements,  and 
Havel  (54),  using  Bondurant  and  Miller's  newly  developed 
technic  (collecting  thick  white  foam  from  the  trachea  of  beef 
lungs  ventilated  with  intermittent  positive  pressure  and  per- 
fused with  saline  through  the  pulmonary  artery)  (55),  iso- 
lated a  phospholipid  fraction  that  decreased  surface  tension 
as  much  as  extracts  of  whole  lung;  the  material  closely  resem- 
bled dipalmitoyl  lecithin.*  The  chemical  analysis  suggested 
that  a  matrix  of  protein  was  an  essential  component  of  func- 
tioning surfactant.  A  year  later  Brown  isolated  dipalmitoyl 
lecithin  from  saline  washings  of  alveoli  (56). 

It  is  interesting  that  in  1946  Thannhauser  and  his  associ- 
ates (57)  analyzed  various  organs  for  what  was  then  called 
hydrolecithin  or  dipalmityl  lecithin  (but  none  other  than  our 
new  friend  DPL,  or  even  newer.  DPPC)  and  found  that  lung 
contained  more  of  it  than  did  other  large-animal  organs  except 
brain.  Thannhauser  remarked  that  the  physiological  signif- 
icance of  the  compound  was  unknown;  I  don't  believe  that 
he  or  anyone  else  ever  made  any  attempt  to  find  out  why  it 
was  there  even  though  Leathes  in  1925  (58)  had  studied  the 
behavior  of  hydrolecithin  (DPL.  DPPC)  in  surface  films.  In 
the  1 940s,  it  was  believed  that  the  lung  was  an  organ  designed 
for  gas  exchange  and  the  fewer  cells  there  to  get  in  the  way 
of  gas  exchange  the  better.  This  is  another  example  of  pre- 
mature science.  Today,  if  someone  found  a  new  chemical  sub- 
stance in  high  (or  even  low)  concentration  in  lung  tissue,  it 
would  excite  the  interest  of  many  scientists. 

But  DPL  or  DPPC  wasn't  the  end  of  the  story.  King  sum- 
marized present  knowledge  of  the  lipid  composition  of  the 
lung  in  1974  (59);  his  table  1  contains  14  different  lipid  com- 
pounds isolated  from  the  total  lipids  of  whole  lung — some 
in  easily  separated  fractions  of  lung  and  some  in  fractions  iso- 
lated by  more  sophisticated  technics. 

What  about  the  protein  fraction  of  surfactant?  It  is  now 
certain,  by  use  of  immunologic  technics,  that  surfactant  con- 
tains one  or  more  specific  apoproteins  that  come  neither  from 
plasma  nor  from  bacteriological  contamination  of  lung  tis- 
sue. Their  function  may  be  to  accelerate  the  extracellular  trans- 
port of  surfactant  from  its  intracellular  origin  to  the  alveo- 
lar interface  (60).  Mephistopheles  in  Goethe's  Faust  remarked 
that  "blood  is  a  super  extraordinary  juice";  it  appears  that  sur- 
factant, when  full\  characterized,  will  also  be  a  "super extraor- 
dinary juice." 

But  chemical  characterization  of  the  phospholipids  and 
apoproteins  in  surfactant  did  much  more  than  just  that.  It  open- 


l  he  term  lecithin  is  gradually  disappearing  from  textbooks  «i  biochem- 
istry and  is  being  replaced  by  the  more  specific  phosphatidyl  choline. 
Insie.ul  oi  she  DPL  (dipalmitoyl  lecithin)  oi  the  1960s,  you  will  mm  see 
DPPC  (dipalmitoyl  phosphatidyl  choline).  I  am  reminded  of  the  Swedish 
scientist  working  in  America  who  said  rather  plaintivel)  "Just  as  I  learn 
m  saj  jam,  you  change  il  in  yelly." 


ed  a  whole  new  field  of  biochemistry  of  the  lung  so  that  by 
1 976  it  was  possible  for  one  to  read  a  monograph  of  534  pages 
entitled  The  Biochemical  Basis  of  Pulmonary  Function  (61 ). 
And  this  was  not  merely  biochemical  analysis  of  whole  lungs 
put  through  a  meat  grinder  but  separation  of  lung  tissue  into 
individual  cell  types,  attempts  to  produce  pure  in  vitro  cul- 
tures of  these,  and  the  beginnings  of  examining  the  intracellular 
components  of  each.  The  alveolar  Type  II  cell  is  one  of  these 
and  is  now  known  to  be  the  source  of  surfactant. 

Where  Does  It  Come  From? 

Just  as  the  development  of  new  and  more  powerful  meth- 
ods provided  answers  to  the  question.  "What  is  surfactant." 
so  the  use  of  the  electron  microscope  provided  answers  to 
"Where  does  it  come  from."  and  the  answers  now  included 
not  only  what  cell  but  what  parts  of  what  cell. 

Macklin.  the  first  to  propose  the  existence  of  surfactant, 
pointed  to  what  we  now  call  the  alveolar  Type  II  cell.  This 
cell  has  had  a  lot  of  names.  Macklin  called  it  first  the  epicyte 
and  then  the  pneumonocyte  and  more  specifically  the  gran- 
ular pneumonocyte.  Others  have  called  it  the  Type  B  cell:  the 
Type  II  pneumonocyte;  the  great,  large,  or  cuboidal  alveo- 
lar cell;  the  secretory  alveolar  cell;  and  the  niche,  septal,  or 
wall  cell.  Pattle  was  sure  that  surfactant  came  from  deep  in 
the  lung  and  noted  that  "there  seems  very  little  [deep]  in  the 
lung  except  these  alveolar  cells  which  could  possibly  produce 
the  complex"  (62). 

In  1954,  Low  (63)  and  Schlipkoter  (64),  pioneers  in  study- 
ing the  lung  by  electron  microscopy,  found  mitochondria  in 
the  alveolar  epithelial  cells  and  also  some  unusual  inclusion 
bodies  with  lamellar  forms  Between  1956  and  1959.  Schult/ 
saw  what  he  called  mitochondrial  transformations  into  lamel- 
lar forms,  and  for  a  while,  histologists  thought  that  at  least 
some  mitochondria  turned  into  lamellar  inclusion  bodies. 

The  first  connection  between  structure  and  function  came 
a  few  years  later.  Woodside  and  Dalton  (65)  used  the  elec- 
tron microscope  in  1958  to  study  these  forms  in  the  lungs  of 
mice  and  noted  that  they  were  absent  until  the  seventeenth  or 
eighteenth  day  of  gestation  (lull  term  in  mice  is  19  to  21  days). 
Four  years  later.  Buckingham  and  Avery  (66)  found  that  they 
could  not  detect  surfactant  in  the  lungs  of  fetal  mice  until  the- 
ses enteenth  or  eighteenth  day  of  gestation;  the  appearance  of 
lamellar  forms  and  surfactant  at  about  the  same  time  led  them 
to  propose  that  the  lamellar  forms  secrete  surfactant. 

In  the  same  year,  Klaus  and  associates  (67)  studied  struc- 
ture and  function  (surface  activity)  in  the  same  lungs  and  con- 
cluded that  "the  surface  active  lining  of  the  lung  develops  dur- 
ing the  process  of  lamellar  transformation  of  mitochondria 
in  the  alveolar  epithelial  cell."  Pattle  (62).  in  his  1965  Phys- 
iological Reviews  article,  questioned  whether  their  mito- 
chondria] fraction  was  pure  or  whether  this  fraction  contained 
a  number  of  discrete  organelles,  and  he  placed  the  subcellular 
origin  of  surfactant  in  his  list  of  unanswered  questions. 
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In  1965  Campiche  (68).  fixing  lung  tissue  with  potassium 
permanganate  (which  binds  to  saturated  lipids)  rather  than 
osmium  tetroxide  (which  does  not),  believed  that  he  could 
safely  say  that  the  lamellar  inclusion  bodies  were  similar  to 
myelin  figures  and  were  composed  largely  of  phospholipids, 
possibly  similar  to  saturated  lecithin,  then  known  to  have  pow- 
erful surfactant  properties. 

But  not  everyone  believed  that  the  answers  were  all  in.  Some 
suggested  that  surfactant  was  assembled,  wholly  or  in  part, 
in  cells  that  were  not  part  of  the  alveolar  wall;  two  candidates 
that  were  proposed  were  the  Clara  cells  in  terminal  bronchioles 
and  alveolar  macrophages.  Eventually,  overwhelming  indi- 
rect evidence  and  convincing  direct  evidence,  based  on  de- 
velopmental, cytochemical.  and  autoradiographic  studies, 
pointed  only  to  the  lamellar  inclusion  bodies  of  the  alveolar 
Type  II  cell  as  the  surfactant  factory  and  eliminated  its  mito- 
chondria and  other  non-alveolar  cells  (see  Gil  and  Reiss  [69]). 

But  cell  biologists  had  now  committed  themselves  to  the 
study  of  alveolar  cells,  and  a  modem  cell  biologist  is  not  sat- 
isfied with  a  static  picture  of  what  a  cell  looks  like  at  one  mo- 
ment (no  matter  how  great  the  magnification  and  resolution), 
but  wants  to  visualize  and  reconstruct  dynamic  events  in  the 
daily  life  of  the  cell.  Surfactant,  which  means  phospholipids 
and  proteins,  must  come  from  somewhere  within  the  cell,  be 
assembled  into  lamellar  inclusion  bodies,  and.  when  so  directed, 
move  out  of  the  cell — through  the  cell  membrane  into  the  alve- 
olar air  space  and  by  some  magic  become  a  monomolecular 
layer  covering  everything  in  sight. 

Dr.  Mary  C.  Williams  has  kindly  selected  from  her  vast 
collection  some  electron  micrographs  that  show  the  birth  of 
a  lamellar  inclusion  body,  its  coming  of  age.  and  finally  its 
leaving  its  home  to  venture  out  into  the  air  spaces. 


Figure  1  shows  part  of  an  alveolar  Type  II  cell.  At  the  top 
left  is  just  a  bit  of  the  cell  nucleus.  In  the  center  is  a  lamellar 
body.  It  bears  a  strong  resemblance  to  the  layers  (lamellae)  of 
an  onion  except  for  the  dense  center  of  the  lamellar  body.  It 
also  resembles  the  arrangement  of  long-known  myelin  layers, 
noted  in  1854  by  Virchow.  and  later  shown  to  consist  of  bimolec- 
ular  leaflets,  or  lamellae  of  lipids,  that  alternate  with  layers  of 
\\  ater.  Bimolecular  leaflets  of  lipids,  together  w  ith  protein,  are 
also  part  of  the  structure  of  cell  membranes  and  have  been  stud- 
ied extensively  in  nerve  tissue.  Their  arrangement  as  intracellular 
inclusion  bodies  makes  the  alveolar  Type  II  cell  unique. 

The  beginning  of  a  lamellar  body  is  shown  in  the  inset  in 
figure  1.  As  described  by  Williams  and  Mason  (70).  synthesis 
of  one  lamellar  body  component,  presumably  protein,  may 
precede  initiation  of  phospholipid  synthesis.  The  electron- 
dense,  homogeneous  appearance  of  the  granular  matrix  sug- 
gests that  the  content  is  largely  protein.  The  number  of  lamel- 
lae increases  as  the  forming  lamellar  body  enlarges,  but  the 
mechanisms  by  which  phospholipid  is  added  to  the  grow- 
ing granule  are  not  certain.  Autoradiographic  studies  of  adult 
lung  suggest  that  small  lamellar  bodies  may  shuttle  phos- 
pholipid from  Golgi  to  nascent  lamellar  bodies.  Other  mor- 
phologic observations  clearly  demonstrate  that,  later  in  devel- 
opment, multivesicular  bodies  participate  in  lamellar  body 
formation,  perhaps  b\  fusion. 

What  regulates  the  number  and  size  of  lamellar  bodies  is 
not  know  n.  although  adrenal  cortical  hormones  certainly  play 
a  role  in  maturing  alveolar  Type  II  cells  to  the  stage  of  pro- 
ducing lamellar  bodies.  Some  have  evidence,  not  yet  completely 
convincing,  that  the  vagus  nerves  play  a  regulatory  role. 

What  prompts  mature  lamellar  bodies  to  seek  the  surface 
of  the  cell  and  slip  through  the  cell  wall  into  the  air  spaces 


Fig.  1.  Portion  of  an  alveolar  Type  II  cell  from 
adult  rat  lung.  N  =  nucleus.  LB  =  large 
(mature?)  lamellar  body.  MVBs  =  multivesicu- 
lar bodies  (Original  magnification:  x  29,000). 
Courtesy  of  Dr.  Mary  C.  Williams.  (Inset) 
Small  dense  granule  in  alveolar  Type  II  cell  of 
21 -day  fetal  rat  lung.  It  contains  acid  phos- 
phatase and  a  few  lamellae.  Such  a  granule  is 
the  earliest  recognizable  lamellar  body  in  fetal 
lung;  it  precedes  by  several  days  the  appear- 
ance of  lamellae.  (Original  magnification:  • 
75,000.)  Courtesy  of  Dr.  Mary  C.  Williams. 
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(figure  2)  is  not  known.  Once  there,  the  strands  or  membranes 
of  a  lamella  unwind  and  become  transformed  into  tubular 
myelin,  a  constant  element  of  the  extracellular  lining  layer 
of  mammalian  alveoli  and  a  second  form  of  surfactant;  lamel- 
lar body  membranes  become  continuous  with  those  of  the  form- 
ing tubular  myelin.  If  ever  proof  was  needed  that  intracellular 
lamellar  bodies  become  intra-alveolar  lamellar  bodies  and  these 
then  become  tubular  myelin,  it  is  provided  by  the  continuities, 
shown  in  figure  3.  between  the  unwinding  lamellae  and  the 
threads  of  the  tubular  myelin  lattice- work  (71).  The  centers 
of  many  secreted  lamellar  bodies  are  then  seen  to  contain  acid 
phosphatase-reactive  material. 

We've  come  a  long  way  in  25  years  from  uncertainty  about 
the  very  existence  of  a  continuous  cellular  lining  of  alveoli 
(were  the  pulmonary  capillaries  naked'.')  to  proof  of  a  cell 
lining  covered  with  a  noncellular  lining  of  super  extraordi- 
nary juice. 


/ 
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Fig.  2.  Lamellar  body  being  extruded  from  alveolar  Type  II  cell  into 
the  lumen  of  an  alveolus.  21 -day  fetal  rat  lung  (Original  magnifica- 
tion: x  35,000.)  Courtesy  of  Dr.  Mary  C.  Williams. 


Fig.  3.  Portion  of  a  lamellar  body  that  was  extruded  into  a  fluid- 
filled  alveolar  lumen  of  21 -day  fetal  rat  lung.  Note  the  continuities 
between  the  membranes  of  the  lamellar  body  and  tubular  myelin 
(the  lattice-like  material  on  the  right);  these  continuities  suggest 
that  a  second  material  is  formed  within  the  alveolar  lumen.  Both 
the  original  and  the  new  material  are  believed  to  be  surfactants. 
(Original  magnification:  x  88,000)  (From  Williams  [71];  reprinted  by 
permission  of  publisher.) 


Predicting  Immature  Lungs 

There  arc  main  wondrous  things  about  life.  One  of  the  most 
remarkable  is  how  a  single  cell,  the  fertilized  ovum,  differ- 
entiates to  form  all  of  the  highly  specialized  fluids,  cells,  tis- 
sues, and  organs  that  make  up  a  fetus,  how  the  fetus  devel- 
ops into  a  newborn  baby,  how  the  baby  grows  into  a  pubescent 
child  and  the  child  matures  into  an  adult — with  each  single 
e\  cut  occurring  on  schedule,  neither  too  early  nor  too  late. 

In  the  lungs,  lor  example,  the  cuboidal  cells  that  line  what 
later  on  will  be  air-filled  alveoli  must  become  exquisitely  thin. 
on  schedule,  to  facilitate  the  postnatal  transfer  of  gases  between 
air  and  blood.  And  pulmonary  capillaries,  although  little  blood 
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flows  through  them  in  fetal  life,  must,  again  right  on  sched- 
ule, multiply  in  close  relationship  to  the  future  air  sacs  and 
be  ready  to  accept  the  entire  output  of  the  heart  each  minute. 
Further,  the  alveolar  surfaces  must  become  prepared  so  that 
they  permit  inflation  during  inspiration  and  resist  collapse  dur- 
ing expiration.  An  essential  item  is  surfactant,  to  prevent  alve- 
olar collapse  after  contraction  of  strong  inspiratory  muscles 
has  brought  the  first  breath  of  air  deep  into  the  baby's  lungs 
and  the  time  has  come  for  the  first  expiration.  The  most  remark- 
able part  about  this  process  of  differentiation  and  develop- 
ment is  not  that  once  in  a  while  something  is  off  schedule, 
but  that  it  almost  always  goes  right  on  schedule. 

What  is  the  time  schedule  in  the  human  fetus  for  ensur- 
ing functioning  surfactant?  I  say  functioning,  because  as  we 
have  noted  earlier,  it  can  function  only  when  it  has  spread  as 
an  extremely  thin  layer  on  the  air  side  of  the  cells  that  line 
the  alveoli.  So  there  are  really  several  schedules  for  surfac- 
tant: its  synthesis;  its  packaging  into  lamellar  bodies  within 
alveolar  Type  II  cells,  its  migration  to  the  cell  wall,  its  pas- 
sage through  the  wall,  and  finally  its  transformation  into  an 
exceedingly  thin  surface  layer.  Total  surfactant  (intra-  and 
extracellular)  can  be  measured  by  mincing  or  homogenizing 
whole  lung;  intracellular  surfactant  can  be  estimated  by  count- 
ing the  number  of  lamellar  bodies  (72);  surface  surfactant  can 
be  measured  in  lung  washings  or  lung  fluid,  obtained  with- 
out letting  the  insides  of  cells  spill  out. 

Intracellular  surfactant  in  the  human  fetal  lung  appears  long 
before  there  is  a  known  need  for  it.  at  about  the  eighteenth  to 
twentieth  week,  before  a  fetus  is  viable  even  if  a  physician  could 
ventilate  the  lungs.  However,  it  cannot  usually  be  recovered 
from  alveolar  surfaces  until  about  the  thirtieth  week  and  now 
the  fetus  is  viable;  at  about  the  thirty-third  week,  the  amount 
on  surfaces  begins  to  increase  with  a  rush  and  by  the  end  of 
a  normal  term,  it  is  in  abundance  just  where  it  ought  to  be. 

Knowing  the  time  when  surfactant  should  normally  arrive 
at  its  place  of  business  could  be  very  useful  clinically  if  the 
physician  had  answers  to  two  questions:  ( 1 )  Does  a  partic- 
ular fetus,  apt  to  become  a  baby  prematurely  (either  naturally 
or  because  of  medical  need  for  early  delivery),  have  adequate 
surfactant  ready  to  go  to  work?  (2)  If  it  does  not,  can  anything 
be  done  about  it? 

First,  prenatal  tests.  Fortunately,  in  the  1930s  obstetricians 
learned  from  a  radiologist  (73)  and  from  a  biochemist  (74) 
that,  particularly  in  the  last  trimester  of  pregnancy,  it  was  safe 
to  insert  a  needle  through  the  pregnant  mother's  abdomen 
directly  into  the  amniotic  sac  and  draw  off  a  small  sample  of 
amniotic  fluid  for  analysis.  Until  the  1960s,  this  could  not  be 
of  any  diagnostic  use  in  a  fetus  with  immature  lungs  because 
everyone  "knew"  since  1885  (75)  that  fetal  lungs  were  filled 
with  fluid  and  that  this  was  mostly  amniotic  fluid  (and  what- 
ever else  was  in  it)  that  somehow  or  other  had  worked  its  way 
down  the  trachea  into  the  lungs  along  with  a  little  mucus 
secreted  by  glands  lining  the  airways.  But  some  had  the  idea 
that  the  tlow  of  fluid  between  amniotic  fluid  and  alveoli  was 


mainly  out  of  the  lungs  and  into  amniotic  fluid  and  not  the 
other  way  round,  and  they  proved  their  point. 

Jost  and  Policard  in  1948  (76)  showed,  with  some  exper- 
imental overkill,  that  the  lungs  of  the  fetal  rabbit  became  abnor- 
mally filled  with  fluid  even  after  they  had  decapitated  the  fetus 
and  securely  tied  off  the  neck,  including  the  trachea;  they  pro- 
posed that  the  lungs  contributed  fluid  to  the  amniotic  fluid 
rather  than  the  other  way  round.  Setnikar.  Agostoni,  and  Tagli- 
etti  in  1959  (77),  with  a  more  sophisticated  experimental  tech- 
nic,  delivered  the  head  of  fetal  goats  from  the  mother's  uterus, 
tied  a  tube  in  the  trachea  of  the  fetus,  replaced  the  fetus  in  the 
uterus,  and  sewed  up  the  incision  in  the  uterus,  leaving  the 
other  end  of  the  tube  on  the  outside.  They  were  still  able  to 
collect  tracheal  fluid,  thus  confirming  the  studies  of  Jost  and 
Policard;  the  fluid  could  not  possibly  have  come  from  amni- 
otic fluid  and  must  have  originated  in  the  lung. 

In  the  1960s,  Forrest  Adams  and  his  associates  (78)  did 
a  series  of  biochemical  studies  on  lung  fluid  in  fetal  lambs 
that  proved  ( 1 )  that  its  chemical  composition  differed  sig- 
nificantly from  that  of  plasma  or  of  amniotic  fluid.  ( 2 )  that 
fetal  lung  fluid  contained  surface-active  materials  not  present 
in  blood  or  pure  amniotic  fluid  (79)  (80),  and  (3)  that  the  lung 
fluids  flowed  into  amniotic  fluid.  This  flow  could  occur  either 
because  the  pressure  developed  by  lung  fluid  as  it  formed  was 
greater  than  that  of  amniotic  fluid  ( 8 1 ,  82)  or  because  the  fetus 
made  breathing  efforts  in  utero  that  brought  some  amniotic 
fluid  into  the  lungs  during  inspiration  and  then  expelled  a  mix- 
ture of  lung  fluid  and  amniotic  fluid  into  the  amniotic  sac  (83). 
Others  showed  that  fetal  alveolar  liquid  is  not  an  ultrafiltrate 
of  plasma  but  a  special  material  formed  by  the  fetal  lung  (84). 
and  that  the  lung  was  the  source  of  phospholipids  present  in 
tracheal  fluid  and  probably  of  much  of  the  phospholipids  in 
amniotic  fluid  (81 ). 

However,  the  first  separation  of  lung  fluids  from  amniotic 
fluid,  without  using  tracheal  tubes,  came  about  in  1963,  and 
with  it  came  further  proof  that  lung  fluids  flowed  upward  and 
outward  and  contained  pulmonary  surfactant.  I  have  a  brief 
report  of  it  in  my  files  in  the  form  of  an  application,  dated 
September  21,1 964,  from  a  Senior  Lecturer  in  Obstetrics  at 
the  National  Women's  Hospital  in  Auckland,  New  Zealand. 
The  applicant's  name  was  Dr.  Graham  Liggins  (we  come  back 
to  him  later);  he  wanted  to  spend  his  sabbatical  year  work- 
ing with  Dr.  Louis  Holm,  a  physiologist  at  the  University  of 
California  in  Davis,  and  he  needed  $6,000  to  help  him  sur- 
vive our  high  cost  of  living  for  a  year;  this  he  received  from 
the  Lalor  Foundation.  Liggins's  "plan  of  work"  outlined  in 
his  application  to  the  Lalor  Foundation  stated  (in  part): 

Using  the  facilities  of  the  Animal  Research  Sta- 
tion, Ruakura,  Hamilton  [New  Zealand],  during  the 
past  three  years,  these  techniques  have  been  developed 
in  the  sheep. 

As  the  first  step  towards  fetal  transplantation  in  late 
pregnancy,  the  fetus  is  transferred  from  the  uterus  into 
a  plastic  bag  within  the  maternal  (sheep]  abdomen,  the 
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cotyledons  remaining  undisturbed  within  the  uterus. 
The  allantoic  and  amnions  membranes  are  sealed  over 
and  by  suitable  arrangements  with  plastic  bags  it  is 
passible  to  collect  the  urinary  and  oropharyngeal  con- 
tributions separately  (italics  added].  At  the  same  time, 
the  amniotic  and  allantoic  fluids  (without  fetal  con- 
tribution) are  available  for  sampling.  Pregnancy  con- 
tinues normally  in  these  circumstances 

Bilateral  fetal  adrenal  ablation  and  hypophyseal 
ablation  have  been  consistently  achieved  in  sheep  with- 
out interruption  of  the  pregnancy.  The  adrenals  are  sur- 
gically exposed  and  then  injected  with  a  sclerosing 
lluid.  The  hypophysis  is  similarly  ablated  by  blind  intro- 
duction of  a  specially  designed  cannula. 

It  is  intended  that  these  techniques  should  be 
exploited  in  the  following  ways: 

The  geographical  separation  of  the  components  of 
the  liquor  amnii  provides  an  ideal  basis  for  the  study 
of  feto-maternal  and  materno-fetal  transfer  of  water, 
electrolytes  and  other  solutes,  employing  isotope  label- 
led materials. 

The  bag  enclosing  the  feud  head  has  been  found 
to  contain  a  high  concentration  of  surface-active  mate- 
rial (italics  added].  Collaboration  with  other  workers 
in  the  field  of  lung  surfactants  is  proposed... 

The  effect  of  fetal  adrenal  and  hypophyseal  abla- 
tion on  parturition  will  be  studied.  The  opportunity  to 
extend  work  on  the  part  which  the  fetal  adrenal  play  s 
in  estrogen  metabolism  will  also  be  available. 

The  scope  of  this  plan  ot  work  may  seem  loo  wide 
However,  it  should  be  emphasized  that  it  represents 
a  period  of  intensive  work  on  techniques  which  have 
been  carefully  prepared  during  the  past  3  years  so  that 
delays  from  unexpected  technical  difficulties  should 
be  minimal. 

None  of  the  above  techniques  has  been  reported  pre- 
viously. It  is  known  that  unsuccessful  attempts  at  fetal 
adrenalectomy  and  hypophysectomy  (by  decapitation) 
in  larger  annals  have  been  made  at  centers  in  the  United 
States.  There  is  suggestive  ev  idence  from  the  known 
association  of  postmaturity  with  human  anencephaly 
[congenital  absence  of  the  brain  |  and  from  the  work 
i\i  Holm  (ll)M)  in  fetal  calves  with  adrenal  and 
hypophyseal  hypoplasia  that  the  onset  of  labor  is  closely 
related  to  fetal  adrenal  function,  but  direct  experimental 
support  for  this  hypothesis  is  lacking. 

The  field  of  fetal  physiology  has  been  a  somevv  hal 
neglected  one  when  compared  with  the  work  done  on 
the  neighbouring  periods  of  life — embryonic  and  neona- 
tal. This  has  been  largely  due  to  lack  ol  suitable  tech- 
niques by  which  to  come  to  grips  with  the  Ictus  m  its 
protected  env  ironmenl.  I  'mil  recently,  experiments  have 
been  usually  of  an  acute  nature  and  often  under  most 
uiiphy  siological  conditions.  Techniques  such  as  those 
described  above  allow  a  direct  approach  while  at  the  same 
time  preserving  a  physiological  state  as  far  as  possible. 

Although  none  ol  those  who  studied  the  How  of  king  flu- 
ids went  so  far  as  to  propose  a  prenatal  diagnostic  test  I  pos- 


sibly because  there  was  none  then  known  that  would  detect 
lung  surfactant  diluted  by  a  large  pool  of  amniotic  fluid),  they 
cleared  the  way  to  analyze  human  amniotic  fluid  and  see  if 
pulmonary  surfactant  was  present.  The  first  clinical  prena- 
tal test  to  identify  immature  lungs  was  devised  by  Gluck  and 
his  associates.  Over  a  five-year  period  ( 1967  to  1972),  they 
had  done  a  careful  analysis  of  the  biochemical  development 
of  the  mammalian  fetal  lung  and  published  a  series  of  papers 
in  Pediatric  Research.  They  noted  that  immature  lungs  were 
strikingly  deficient  in  a  major  component  of  surfactant  (lecithin) 
and  that  amniotic  fluid  analysis  could  be  used  not  only  to  chart 
normal  maturation  of  the  lungs  in  utero  but  also  to  identify 
those  fetuses  who  were  almost  certain  to  suffer  from  respi- 
ratory distress  syndrome  at  birth.  They  used  the  ratio  of  lecithin 
(L)  to  sphingomyelin  (S)  in  amniotic  fluid.  In  babies  with 
maturing  lungs,  the  L  concentration  rises  sharply  at  35  weeks 
of  gestation,  usually  to  two  times  that  of  S,  and  continues  to 
increase  while  S  levels  off  or  decreases.  Gluck  extracted  phos- 
pholipids from  about  5  mL  of  amniotic  fluid  and  measured 
the  L/S  ratio  by  thin-layer  chromatography;  the  analytic  pro- 
cedure required  about  I  - 1/2  to  2  hours  (85).  From  this  ratio 
he  could  now  tell,  before  birth  of  the  baby,  whether  the  baby 
would  (low  ratio)  or  would  not  (high  ratio)  have  respiratory 
distress  syndrome.  Knowing  this  greatly  increased  the  baby's 
chances  of  survival  if  its  mother  was  transported  (by  helicopter 
if  need  be)  to  a  regional  center  staffed  and  equipped  for,  and 
dedicated  to,  intensive  care  of  the  newly  born  with  respira- 
tory distress  syndrome  (RDS).  and  the  baby  was  born  there. 
It  wasn't  long  before  the  need  became  apparent  for  a  test 
that  was  as  reliable  as  Gluck's,  but  faster,  simpler,  cheaper, 
and  suitable  for  use  in  an  office  or  even  by  a  bedside.  Clements 
and  his  group  came  up  with  one  within  the  next  year  (86):  it 
was  based  on  Pattle's  observation  that  where  there  was  sur- 
factant, there  was  stable  foam.  However,  because  other  sub- 
stances in  amniotic  fluid  (proteins,  bile  salts,  and  salts  of  free 
fatty  acids)  can  also  form  stable  foam.  Clements  had  to  exclude 
these  from  the  surface  films;  this  he  accomplished  by  adding 
a  competitive  (but  nonfoaming)  surfactant,  ethyl  alcohol.  When 
he  put  equal  volumes  of  95  per  cent  alcohol  and  amniotic  fluid 
in  a  tube  and  shook  it.  he  found  that  when  saturated  lecithin 
(the  kind  that  predominates  in  pulmonary  surfactant)  was  pre- 
sent, foam  formed  and  persisted  for  as  long  as  several  hours. 
Once  one  has  obtained  amniotic  fluid,  nothing  could  be  sim- 
pler. The  test  does  not  require  a  highly  trained  biochemical 
technician:  it  needs  only  clean  test  tubes,  pipettes,  and  95  pet- 
cent  alcohol.  When  amniotic  fluid  is  not  available,  the  test  can 
he  performed  on  fluid  aspirated  from  the  newborn's  stomach, 
since  this  largely  represents  amniotic  fluid,  and  maybe  some 
tracheal  fluid  as  well,  that  has  been  swallowed  by  the  fetus. 

Prevention  of  Respiratory  Distress  Syndrome 

I  said  that  basic  data  on  the  maturation  of  the  lung  might 
be  clinically  useful  if  (1)  someone  could  develop  a  prenatal 
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test  that  identified  immature  lungs  (and  two  someones  did), 
and  (2)  something  eould  be  done  to  make  these  lungs  mature 
before  or  very  shortly  after  delivery  of  the  baby.  Two  "some- 
things" come  to  mind:  ( 1 )  delay  delivery,  if  possible  and  safe, 
for  a  day  or  two.  and  (2)  hasten,  by  pharmacological  means, 
maturation  of  the  fetal  lungs  without  harming  other  organs. 
The  latter  would  be  impossible  if  cells  that  normally  form  sur- 
factant or  systems  that  should  release  it  from  these  cells  are 
congenitally  absent  or  defective.  But  it  would  be  possible  if 
all  the  parts  of  the  machinery  are  there  and  ready  to  function 
but  haven't  yet  got  the  signal  from  the  programming  system 
to  get  going. 

We  now  come  back  to  Graham  Liggins,  the  obstetrician- 
researcher  from  New  Zealand,  who  had  started  with  the  clin- 
ical observation  that  babies  who  were  born  without  a  brain 
(anencephalic)  and  therefore  without  a  complete  pituitary 
gland  were  often  born  postmature.  Recall  that  in  his  1964 
application,  he  wanted  to  do  a  lot  of  things  with  his  special 
sheep  preparation  (he  allowed  that  "the  scope  of  this  plan 
of  work  may  seem  too  wide")  and  one  of  these  was  to  deter- 
mine the  effects  on  delivery  of  removal  or  destruction  of  the 
fetal  pituitary  gland  and  of  the  fetal  adrenals  (whose  secre- 
tions depend  on  a  functioning  pituitary) — in  short,  did  fetal 
hormones  influence  the  time  of  delivery?  When  he  got  back 
to  New  Zealand  in  1966,  he  continued  to  study  the  effect  of 
ACTH  and  adrenal  corticoids  on  the  time  of  delivery;  if 
removal  of  the  fetal  adrenals  leads  to  postmature  delivery, 
would  injection  of  cortical  hormones  into  the  fetus  lead  to 
premature  delivery?  He  injected  dexamethasone  into  10  lambs 
and  in  early  1969  reported  these  remarkable  observations  (88): 


son,  Motoyama,  Kikkawa,  Craig,  Orzalesi  &  Cook 
( 1 965 ).  maintenance  of  alveolar  expansion  in  the  lamb 
is  dependent  on  adequate  surfactant  activity.  These 
authors  and  also  Brumley,  Chemick.  Hodson,  Normand, 
Fenner  &  Avery  ( 1967),  found  that  alveoli  collapse  and 
the  lungs  become  airless  at  maturities  of  less  than  125- 
127  days.  Persistence  of  partial  expansion  of  the  lungs 
in  the  corticosteroid-treated  lambs  in  the  present  series 
at  117-1 23  days  strongly  suggests  accelerated  appear- 
ance of  surfactant,  possibly  as  a  result  of  premature 
activity  of  enzymes  involved  in  a  biosynthetic  path- 
way. [Later  studies  (89)  showed  that  fetal  lambs  have 
no  or  very  little  surfactant  in  their  tracheal  fluid  at  124- 
133  days  of  age.] 


Liggins  now  had  a  long  list  of  studies  that  had  to  be  done 
but  decided  to  pass  his  observations  on  lung  maturation  on 
to  others  who  had  laboratories  better  equipped  than  his  to  do 
the  necessary  biochemical,  biophysical,  and  electron  micro- 
scopic studies.  One  of  these  was  Avery,  who  visited  New 
Zealand  in  March  of  1968.  On  her  return  home  she  and  her 
associates,  first  at  Johns  Hopkins  and  then  at  McGill  (DeLe- 
mos,  Kotas,  Wang,  Thurlbeck,  and  others),  mounted  a  thor- 
ough attack  on  the  problems  (90-94).  which  confirmed  and 
extended  Liggins' s  observations  and  provided  a  morphological 
and  biochemical  framework  for  them. 

Liggins  decided  instead  to  see  if  adrenal  cortical  hormones 
behaved  in  the  human  fetus  as  they  did  in  the  lamb — would 
they  hasten  the  maturation  of  babies  whose  mothers  were  in 
spontaneous,  premature  labor?  In  1972.  he  reported  (95): 


Gross  examination  of  the  lungs  often  lambs  deliv- 
ered spontaneously  at  117-123  days  after  dexam- 
ethasone infusions  showed  that  in  six,  none  of  which 
had  been  artificially  ventilated,  there  was  partial  aer- 
ation. In  most  instances  the  aeration  consisted  of  patchy 
expansion  in  the  upper  lobes,  but  in  one  lamb  deliv- 
ered at  123  days  the  lower  lobes  were  also  partly 
expanded.  This  lamb  was  found  alive  at  least  an  hour 
after  being  born  and  survived  for  a  further  hour  until 
killed.  The  body  weight  of  2,349  g.,  the  general  appear- 
ance and  the  bone  age  determined  by  X-ray  of  the  limbs 
corresponded  with  the  duration  of  pregnancy  calcu- 
lated from  the  date  of  mating.  During  the  period  of 
observation  the  lamb  bleated  and  showed  some  signs 
of  respiratory  distress.  Histological  examination  of  the 
lungs  removed  4  hours  after  death  confirmed  that  alve- 
olar expansion  had  been  maintained.... 

Cortisol  is  known  to  be  capable  of  inducing  pre- 
cocious activity  of  a  variety  of  enzymes  in  immature 
animals.... 

The  observations  on  the  foetal  lungs  of  lambs  at  1 17- 
123  days  gestational  age  may  represent  another  exam- 
ple of  precocious  induction  of  enzyme  activity  by  cor- 
ticosteroids. According  to  Howatt,  Avery,  Humphreys, 
Normand,  Reid  &  Strang  ( 1965),  and  Reynolds.  Jacob- 


A  controlled  trial  of  betamethasone  therapy  was  car- 
ried out  in  282  mothers  in  whom  premature  delivery 
threatened  or  was  planned  before  37  weeks'  gestation, 
in  the  hope  of  reducing  the  incidence  of  neonatal  res- 
piratory distress  syndrome  by  accelerating  functional 
maturation  of  the  fetal  lung. 

Two  hundred  and  thirteen  mothers  were  in  spon- 
taneous premature  labor.  When  necessary,  ethanol  or 
salbutamol  infusions  were  used  to  delay  delivery  while 
steroid  or  placebo  therapy  was  given.  Delay  for  at  least 
24  hours  was  achieved  in  77%  of  the  mothers.  In  these 
unplanned  deliveries,  early  neonatal  mortality  was  3.2% 
in  the  treated  group  and  15.0%  in  the  controls  (p  0.01 ). 
There  were  no  deaths  with  hyaline  membrane  disease 
or  intraventricular  cerebral  hemorrhage  in  infants  of 
mothers  who  had  received  betamethasone  for  at  least 
24  hours  before  delivery.  The  respiratory  distress  syn- 
drome occurred  less  often  in  treated  babies  (9.0% )  than 
in  controls  (25.8%,  p  0.003),  but  the  difference  was 
confined  to  babies  of  under  32  weeks'  gestation  who 
had  been  treated  for  at  least  24  hours  before  delivery 
( 1 1 .8"7(  of  the  treated  babies  compared  with  69.6%  of 
the  control  babies,  p  0.02). 

There  may  be  an  increased  risk  of  fetal  death  in  preg- 
nancies complicated  by  severe  hypertension-edema 
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proteinuria  syndromes  and  treated  v\  ith  betamethasone, 
but  no  other  hazard  of  steroid  therapy  was  noted. 

We  conclude  that  this  preliminary  evidence  justi- 
fies further  trials,  but  that  further  work  is  needed  before 
any  new  routine  procedure  is  established. 

Has  further  work  established  a  role  for  pharmacological 
acceleration  of  lung  maturation  to  prevent  RDS?  Apparently 
not  if  administered  to  a  baby  already  born  (because,  postnatally, 
most  infants  with  RDS  have  a  marked  increase  in  Cortisol  con- 
centrations in  plasma  by  6  to  12  hours  of  age,  presumably 
owing  to  the  stress  of  the  disease),  but  there  is  a  role  for  adrenal 
cortical  hormones  given  to  mothers  before  delivery.  There 
is  agreement  that  the  benefits  clearly  outweigh  possible  risks 
and  that  treatment  with  corticosteroids  is  indicated  when  pre- 
natal tests  of  amniotic  fluid  are  positive  for  RDS  (negative 
for  surfactant)  and  when  delivery  can  be  delayed  safely  for 
24  hours  (96). 

Again,  it  is  only  fair  to  mention  that  someone  else  was  the 
first.  In  1950  (97),  Provenzano  treated  a  newborn  baby  with 
hypofunction  of  its  adrenal  cortex,  using  Upjohn's  adreno- 
cortical extract.  Because  Provenzano  didn't  begin  this  treat- 
ment until  the  13th  postnatal  day,  it  is  unlikely  that  the  baby 
had  RDS  or  immature  lungs,  but  the  baby's  respiration 
improved,  and  its  lungs  (formerly  collapsed)  expanded.  This 
encouraged  Provenzano  to  use  adrenal  cortical  extract  in  a 
controlled  study  with  1 18  untreated  newborn  babies  and  1 18 
treated  with  adrenal  cortical  extract  (98);  16  untreated  babies 
had  prolonged  and  difficult  grunting  and  retracting  respira- 
tions and  only  8  treated  babies  had  these  symptoms.  He  con- 
cluded by  hoping  "that  other  investigators  will  evaluate  the 
use  of  this  substance  for  newborn  infants  showing  ill  effects 
from  anoxia  ...  in  order  that  the  true  value  of  adrenal  cortex 
extract  be  established."  I  don't  believe  others  did;  Provenzano 
is  not  mentioned  by  Liggins,  Avery,  and  others  currently  work- 
ing on  lung  maturation  by  adrenal  cortical  hormones.  If  oth- 
ers had  repeated  his  postnatal  use  of  adrenal  cortical  extracts, 
they  probably  would  have  had  disappointing  results,  for  rea- 
sons just  mentioned;  it  seems  that  the  therapeutic  value  of  cor- 
ticoids  had  to  be  established  by  experimental  obstetricians  who 
studied  the  immature  fetus  in  utero. 

Buckingham  and  associates  in  an  18-line  abstract  published 
in  1968  (99)  called  attention  to  the  work  of  Moog,  who  showed 
that  maturation  of  fetal  epithelial  cells  in  the  small  intestine 
was  enhanced  by  corticosteroids,  and  they  wondered  whether 
lung  cells  (which  are  derived  embryologically  from  the  same 
tissue  as  gut)  might  behave  similarly.  Buckingham  died  soon 
thereafter  and  there  is  no  complete  report.  Liggins.  w  ho  had 
already  been  working  for  several  years  with  adrenal  cortical 
hormones  and  fetal  maturity,  knew  that  Cortisol  could  induce 
precocious  activation  of  enzymes  in  immature  animals  and  in 
his  1969  paper  cited  five  references  to  this  observation  between 
1955  and  1966.  If  he  had  not.  Buckingham's  few  lines  might 
have  been  the  ones  that  trisinered  research  in  hint!  maturation. 


Treatment  of  Respiratory  Distress  Syndrome 

//"all  neonatal  respiratory  distress  were  due  only  to  imma- 
turity of  fetal  lungs  at  the  moment  of  delivery,  i/neonatal  diag- 
nostic tests  invariably  spotted  this,  and  //'preventive  measures 
(delaying  delivery  and  speeding  up  lung  maturation)  always 
worked,  there  would  be  no  need  for  therapy.  But  there  are  too 
many  ifs  involved  and  it  is  likely  that  intensive  care  will  remain 
the  backbone  of  treatment  for  another  decade  or  two. 

Intensive  care  involves  many  things:  besides  providing  ade- 
quate pulmonary  ventilation,  it  also  means  maintenance  of 
nutrition,  fluid  balance,  blood  volume,  and  blood  pressure, 
prevention  or  management  of  infections,  maintenance  of  body 
temperature,  and  correction  of  congenital  defects.  Crucial  to 
survival,  of  course,  is  providing  adequate  pulmonary  venti- 
lation. But  even  though  all  types  of  assisted,  controlled,  or 
mechanical  ventilation  useful  in  adults  were  tried  in  newly 
born  babies  with  RDS.  the  mortality  rate  remained  high.  It 
is  hard  to  compare  mortality  rates  in  different  nurseries  because 
each  team  has  somewhat  different  criteria  for  the  severity  of 
RDS  and  for  beginning  a  particular  form  of  therapy,  and  of 
course  each  baby  has  its  own  complicating  factors.  And  mor- 
tality rates  are  always  higher  in  babies  born  early  in  gesta- 
tion and  lower  in  those  born  at  or  close  to  term,  and  physi- 
cians who  compare  the  value  of  one  procedure  with  another 
must  always  take  gestational  age  into  account.  (It  is  usually 
estimated,  though  far  from  precisely,  by  the  weight  of  the  new  ly 
born  baby.)  Thus,  in  1969.  data  collected  by  Swyer  ( 100)  from 
6  hospitals  on  289  babies  with  RDS  who  required  artificial 
ventilation  showed  that  of  2  babies  who  weighed  less  than 
1 .000  grams  at  birth,  neither  lived;  of  64  babies  who  weighed 
between  1.001  and  1 .500  grams,  only  12.5  percent  lived;  of 
82  who  weighed  between  1,501  and  2.000  grams.  29  per  cent 
lived,  and  of  141  who  weighed  more  than  2.000  grams,  57 
per  cent  lived. 

In  that  same  year,  Gregory.  Kitterman.  Phibbs,  Tooley, 
and  Hamilton  began  to  use  continuous  positive  airway  pres- 
sure (abbreviated  CPAP  and  sometimes  pronounced  C-PAP), 
instead  of  intermittent  positive  pressure,  in  managing  ven- 
tilation in  babies  w  ith  RDS:  the  method  supplied  a  pressure 
of  6  to  12  mm  Hg  throughout  the  respiratory  cycle  while  the 
infants  breathed  spontaneously,  usually  through  an  endo- 
tracheal tube.  Their  results,  published  as  an  abstract  in  1970 
(101)  and  as  a  full  report  in  1971  ( 102).  were  dramatic.  Of 
36  babies  with  RDS.  all  of  whom  had  a  P0;  of  arterial  blood 
of  50  mm  Hg  or  less  despite  the  use  of  O?  and  positive  pres- 
sure ventilation  with  a  bag  and  mask.  32  (89  per  cent)  lived. 
Of  their  12  RDS  babies  weighing  between  1,000  and  1,500 
grams,  83  per  cent  lived;  of  1 1  babies  weighing  between  1 .501 
and  2.000  grams.  9 1  per  cent  lived;  of  1 2  who  weighed  more 
than  2.000  grants,  all  lived.  One  who  weighed  930  grams  died. 
Nothing  had  changed  in  their  intensive  neonatal  care  unit 
between  1965-1966.  when  only  11  per  cent  of  their  1,000- 
1,500  sram  babies  had  survived,  and  1969-1971  when  83  per 
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cent  lived, f  except  for  the  use  of  CPAP.  Soon  nursery  after 
nursery  repeated  and  practically  all  confirmed  the  amazing 
results.  Medical  World  News  quoted  Mary  Ellen  Avery  in 
a  January  1972  interview  (103): 

Dr.  Avery,  who  was  one  of  the  NEJM  referees  for 
Dr.  Gregory's  first  report,  has  seen  the  results  of  CPAP 
at  Montreal  Children's  Hospital. 

"You  can't  challenge  this  one  when  you  see  these 
babies,"  she  says.  "Everything  Dr.  Gregory  says  is 
absolutely  true.  Everyone  around  the  country  who  has 
tried  to  use  it  comes  up  with  eyes  bugging  and  says, 
'My  goodness,  it  works!'  What's  so  dramatic  about 
it  is  that  it  happens  within  minutes.  You  can  see  it! 
I  have  no  problem  giving  it  unqualified  endorsement. 
CPAP  saves  babies." 

Now  the  main  reason  for  using  a  retrospectroscope  is  to 
try  to  determine  why  certain  advances  in  science  occurred  when 
they  did — whether  rapidly  or  slowly.  Before  1959,  there  was 
no  solid  experimental  basis  for  using  CPAP  in  treating  babies 
with  RDS.  but  in  1959  there  was.  If  you  read  or  reread  page 
521  of  Avery  and  Mead's  1959  report  (104),  you  will  find 
the  statement: 

Thereafter  [after  the  first  inspiration],  during  expi- 
ration, the  alveolar  surface  of  the  normal  lung  would 
have  diminished  tension,  thus  reducing  the  tendency 
of  the  air  spaces  to  collapse.  On  the  other  hand,  in  a 
lung  lacking  this  lining  material,  surface  tension  would 
tend  to  remain  high  during  expiration;  the  air  spaces 
would  be  unstable,  and  some  would  collapse. 

And  if  you  read  page  720  of  Brown,  Johnson,  and 
Clements' s  (105)  report  in  the  same  year,  under  Discussion 
you  will  find: 

The  uniformity  of  the  results  obtained  in  these  sev- 
eral methods  and  preparations  argues  strongly  for  the 
presence  of  a  peculiar  material  on  the  alveolar  surface. 
Its  minimum  coefficient  of  compressibility  is  between 
0.01  and  0.02  cm/d.  This  value  places  it  in  the  category 
of  'liquid'  films.  The  film  can  apparently  be  reversibly 
compressed  to  50%  of  its  initial  area.  After  further  com- 
pression, the  film  apparently  ruptures  on  re-expansion. 
This  suggests  a  solidification  or  gelation,  or  folding  on 
marked  compression  which  is  irreversible. 


and  not  reform  on  the  next  inspiration.  Alveolar  collapse  there- 
fore places  a  severe  strain  on  both  the  baby's  inspiratory  mus- 
cles and  on  its  limited  ability  to  synthesize  new  surfactant  (to 
replace  that  destroyed  during  alveolar  collapse). 

With  these  observations  pointing  to  the  use  of  greater  than 
atmospheric  air  pressure  during  expiration  to  counter  the  like- 
lihood that  the  combined  forces  of  elastic  tissue  recoil  and 
surface  tension  would  collapse  alveoli,  why  were  there  no  pub- 
lished reports  of  its  successful  use  until  1970-71?** 

One  reason,  in  my  opinion,  was  the  old  and  continuing  prob- 
lem of  the  name  of  this  disorder.  Almost  everyone  called  it 
hyaline  membrane  disease  or  respiratory  distress  syndrome 
(though  one  group  called  it  the  pulmonary  hypoperfusion  or 
pulmonary  ischemia  syndrome);  few  called  it  by  its  old  name, 
atelectasis  of  the  newborn.  Perhaps  if  there  had  been  no  com- 
pulsion to  change  the  name,  more  emphasis  would  have  been 
placed  on  treatment  designed  to  counteract  alveolar  collapse 
during  expiration. 

Another  was  that  there  were  no  modern  intensive  care  units 
for  the  newly  born  until  Mildred  Stahlman's  in  1963-64  and 
until  then  no  one  had  systematically  developed  apparatus  and 
tests  for  monitoring  and  measuring  the  physiological  and  bio- 
chemical state  of  these  tiny  and  fragile  creatures.  Others  soon 
followed  Stahlman  and  permitted  the  scientific  study  and  care 
of  the  newborn  to  spread. 

A  third  reason  was  that  some  were  intent  on  the  wholly 
worthy  effort  of  correcting  the  cause  of  the  disease  rather  than 
treating  it  nonspecifically.  When  the  chemical  nature  of  sur- 
factant became  known  (though  in  retrospect  not  fully)  and  pure 
dipalmitoyl  lecithin  became  available,  it  seemed  logical  to 
try  to  replace  natural  surfactant  by  aerosols  of  DPL  (107,  108). 
And  when  pulmonary  ischemia  was  found  to  cause  atelec- 
tasis associated  with  a  deficiency  of  surfactant  (109),  it  seemed 
desirable  to  improve  pulmonary  arterial  blood  flow. 

But  a  fourth  and  probably  more  important  reason  was  that 
World  War  II  research  pointed  out  several  risks  involved  in 
the  use  of  pressure  breathing.  Pressure  breathing  was  tried 
between  1942  and  1945  as  a  means  of  permitting  pilots  of 
fighter  planes  to  get  to  higher  altitudes.  After  the  war,  it  came 
into  clinical  use  as  controlled  positive  pressure  ventilation  of 
patients  in  operating  rooms  and  as  part  of  the  management 
of  several  cardiopulmonary  disorders  in  adults.  Physiologists 
and  anesthesiologists  tested  a  variety  of  devices  that  produced 
a  wide  range  of  ventilatory  patterns:  short  inspiration-long 


These  two  paragraphs  almost  spell  out  the  proper  physi- 
cal and  physiological  approach  to  ventilating  the  lungs  of  babies 
with  RDS:  Keep  the  alveoli  open  or  they'll  collapse  on  each 
expiration.  If  they  do,  the  surface  film  will  rupture  irreversibly 


tin  1975-76,  93  per  cent  in  this  weight  group  lived. 


**I  don't  know  how  many  pediatricians,  obstetricians,  or  anesthesiolo- 
gists tried  CPAP  (or  some  modification)  without  success  and  without 
reporting  on  their  attempts.  I  know  that  Avery  tried  in  at  least  one  baby. 
Hamilton  in  two,  Tooley  in  one,  but  none  had  enough  success  to  continue 
at  that  time.  And  in  1972.  Auld.  Krauss,  and  Klain  wrote  a  letter  to  the 
Editor  of  Pediatrics  ( 106).  telling  of  their  unpublished  1968  attempt  to 
treat  four  babies  with  RDS  with  continuous  distending  pressure  «  ith  sue 
cess  for  a  few  hours,  followed  by  failure  in  three  of  the  four. 
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expiration,  long  inspiration-short  expiration,  rapidly  versus 
slowly  rising  pressures  during  inspiration,  rapidly  versus  slowly 
falling  pressures  during  expiration,  and  positive  pressure  dur- 
ing inspiration  coupled  with  negative  (subatmospheric)  pres- 
sure during  expiration. 

These  studies  showed  that  whatever  increase  in  intra-alve- 
olar  pressure  was  transmitted  through  the  lungs  to  the  pleu- 
ral cavity  raised  intrathoracic  pressure,  opposed  the  flow  of 
blood  into  the  intrathoracic  venae  cavae,  and  decreased  venous 
return  to  the  heart.  This  might  be  useful  in  treating  patients 
with  pulmonary  vascular  congestion  but  not  in  patients  with 
low  systemic  arterial  blood  pressure.  Figure  4,  from  a  study 
by  Cournand,  Motley,  Werko,  and  Richards  in  1948  (110), 
shows  the  effect  of  3  different  patterns  of  ventilation  on  mean 
pressure  throughout  the  respiratory  cycle:  Werko  in  his  review 
article  (1 1 1 )  summarized  the  situation  succinctly  by  writing, 
"If  no  influence  of  pressure  breathing  on  the  circulation  is 
desired,  the  mask  pressure  during  the  expiration  should  be  kept 
as  near  atmospheric  as  possible."  Beecher  and  associates  were 
even  stronger  in  their  statement  (1 12):  "In  animals  [dogs]  with 
poor  circulation,  increased  pressure  in  the  airway  was  dele- 
terious and  could  cause  death."  Because  premature  babies  with 
RDS  are  apt  to  have  a  low  blood  volume  and  suffer  from  cir- 
culatory shock,  pediatricians  were  wary  of  positive  pressure 
breathing  and  particularly  of  any  variety  of  it  that  increased 
mean  intra-alveolar  pressure  throughout  the  respiratory  cycle, 
which  of  course  is  exactly  what  CPAP  does. 


TYPES     OF    MASK     PRESSURE    CURVES 
PRODUCED     BY    RESPIRATORS. 


TYPE  I 


Fig.  4.  Three  types  of  mask  pressure  curves  observed  during  stud- 
ies of  intermittent  positive  pressure  breathing.  The  dotted  line  is 
the  mean  mask  pressure  for  the  entire  respiratory  cycle.  Note  that 
rapidly  rising  and  prolonged  inspiration  (type  II)  produces  the  high- 
est mean  pressure.  (From  Cournand  and  associates  [110]; 
reprinted  by  permission  of  publisher.) 


But,  in  retrospect,  these  studies  on  adults  or  dogs  didn't 
really  apply  to  the  lungs  of  babies  with  RDS  in  which  pul- 
monary compliance  was  greatly  increased  and  pretty  uniformly 
so.  Otis,  Rahn,  and  Fenn  (113)  had  pointed  out  in  1946  that 
the  fraction  of  intra-alveolar  pressure  transmitted  to  the  intra- 
thoracic cavity  was  not  a  fixed  and  therefore  predictable  one 
but  depended  on  the  distensibility  of  the  lungs.  Further.  Price 
and  associates  ( 1 14)  made  the  clinical  observation  in  1951 
that  positive  intrapulmonary  pressure,  as  high  as  22  to  25  cm 
HiO,  failed  to  decrease  arterial  blood  pressure  in  patients  pro- 
foundly anesthetized  with  cyclopropane,  in  part  because  the 
increased  intra-alveolar  pressure  raised  venous  pressure  only 
9  to  1 1  cm  H2O  in  their  patients  as  compared  to  1 1  to  15  cm 
JrFO  in  conscious  subjects. 

Gregory  and  colleagues  tested  this  point  in  their  newborn 
babies  with  RDS  and  found  that  only  20  per  cent  of  the  air  pres- 
sure applied  to  the  airways  was  actually  transmitted  to  the 
intrathoracic,  extrapulmonary  structures.  Later.  Herman  and 
Reynolds  (115)  found  almost  no  transmission  of  increased  air- 
way pressure  to  a  balloon  placed  in  the  baby's  esophagus  and 
concluded  that  there  is  little  risk  of  producing  adverse  circu- 
latory effects  by  using  high  airway  pressures  during  acute  stages 
of  severe  RDS  in  babies;  like  Gregory  and  associates,  they 
warned  that  airway  pressures  should  be  decreased  when  pul- 
monary compliance  begins  to  return  to  normal  values.  Again. 
it  is  worth  noting  that  the  development  of  intensive  care  units 
for  babies  made  possible  such  monitoring  and  measurements. 

Who  was  Gregory  and  how  did  he  become  involved  in  this 
story?  In  1961-62,  William  Hamilton,  then  Chairman  of  the 
Anesthesia  Department  at  the  University  of  low  a.  spent  a  sab- 
batical year  at  the  University  of  California  in  San  Francisco 
working  with  Clements  and  Tooley  on  atelectasis  that  occurs 
during  temporary  experimental  occlusion  of  a  right  or  left  pul- 
monary artery  in  dogs,  presumably  because  during  the  period 
of  pulmonary  ischemia,  there  is  no  substrate  brought  to  alve- 
olar cells  that  form  pulmonary  surfactant  ( 1 16).  As  an  anes- 
thesiologist, he  had  been  interested  in  ventilation  of  the  lungs 
of  patients  w  ith  an  open  thorax  and  also  in  the  causes  and  man- 
agement of  postoperative  atelectasis  and  had  occasionally  used 
continuous  positive  airway  pressure  to  relieve  certain  types 
of  airway  obstruction.  From  Clements  and  Tooley,  he  learned 
about  pulmonary  surfactant  and  a  new  type  of  atelectasis  or 
alveolar  collapse,  and  about  problems  arising  from  mismatched 
flow  of  air  and  blood  to  alveoli. 

On  his  return  to  Iowa,  he  decided  that  when  the  opportu- 
nity arose,  he  would  use  his  "tight  bag"  technic  to  distend  alve- 
oli of  babies  with  RDS.  In  1963-64,  several  newborn  babies 
were  dying,  despite  the  use  of  a  respirator,  and  Hamilton  worked 
throughout  the  night,  maintaining  a  positive  pressure  in  their 
airways.  Babies  about  to  die  made  a  remarkable  temporary 
recovery  but  became  worse  the  next  day;  however,  the  imme- 
diate improvement  made  a  lasting  impression  on  Hamilton. 

That  same  year  Tooley,  Clements.  Klaus,  and  several  col- 
leagues decided  to  spend  6  months  working  in  the  delivery 
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rooms  and  nurseries  of  the  Kandang  Kerbau  Hospital  in  Sin- 
gapore (where  40,000  babies  were  delivered  each  year,  and 
more  than  300  of  these  had  RDS)  to  see  whether  they  could 
replace  the  missing  natural  surfactant  on  the  alveolar  surfaces 
by  aerosolized  dipalmitoyl  lecithin.  Hamilton  wanted  to  join 
the  research  team  in  Singapore  to  test  the  usefulness  of  his 
"tight  bag"  technic  to  distend  lungs  throughout  the  respira- 
tory cycle,  but  the  group  concluded  that  it  would  be  difficult 
enough  to  test  one  hypothesis  (replacement  therapy)  in  a  6- 
month  period  without  trying  to  test  two.  The  decision  was  of 
course  correct  in  principle,  although,  in  retrospect,  it  can  be 
questioned  (117). 

Why  this  long  parenthetical  piece  about  Hamilton  when 
1  started  to  answer  the  question,  "Who  was  Gregory?"  Gre- 
gory had  been  a  medical  student  at  the  University  of  California 
in  San  Francisco  (M.D.,  1963).  He  became  interested  then  in 
RDS  as  a  result  of  a  lecture  in  obstetrics.  After  an  internship 
at  UCLA,  he  served  3  years  as  a  resident  at  UCSF,  one  in 
surgery  and  two  in  anesthesia  ( 1965  to  1967).  During  his  anes- 
thesia residency,  he  spent  a  lot  of  time  in  the  delivery  room 
and  nursery  with  Tooley,  Kitterman,  and  Phibbs,  helping  them 
in  their  attempts  to  improve  the  treatment  of  asphyxia.  This 
was  in  the  early  days  of  intensive  care  units;  Day  in  Kansas 
had  organized  the  first  coronary  care  unit  in  1962-63  and  Mil- 
dred Stahlman  at  Vanderbilt  had  developed  the  first  genuine 
neonatal  intensive  care  unit  about  1963  or  1964.  Tooley  started 
his  about  1965-66.  Anesthesiologists  were  ideally  trained  to 
play  an  important  role  in  these  and  were  becoming  interested 
and  involved;  Gregory  was  one  of  these. 

Now  at  last  we  can  connect  Hamilton  and  Gregory.  Stu- 
art Cullen.  Chief  of  Anesthesia  at  UCSF,  couldn't  resist  the 
"call"  to  be  Dean  in  1966,  and  in  1967.  Hamilton,  still  deeply 
interested  in  RDS,  came  to  San  Francisco  to  take  Cullen's 
old  job  as  Chairman  of  Anesthesiology.  Gregory  was  com- 
mitted to  a  year's  research  fellowship  in  1967-68,  but  at  the 
end  of  that  year,  Hamilton  assigned  Gregory  to  a  full-time 
position  in  the  intensive  care  unit  for  the  newborn  with  no 
responsibilities  for  giving  anesthesia.  For  those  not  famil- 
iar with  the  economics  of  hospital  care,  I  must  add  that  it 
requires  real  conviction  on  the  part  of  a  professor  of  Anes- 
thesia to  assign  one  of  his  staff  to  work  full  time  in  the  nurs- 
ery instead  of  to  regular  duty  in  surgical  operating  and  recov- 
ery rooms,  but  Hamilton  was,  at  least  vicariously,  back  in 
the  RDS  business. 

One  night  there  was  no  one  in  the  nursery  but  Gregory, 
nurses,  technicians,  and  a  baby  with  RDS  in  its  last  minutes 
of  life  despite  the  use  of  Oi-intermittent  positive  pressure  breath- 
ing. This  was  not  the  time  to  worry  about  transmission  of  pres- 
sure from  airways  to  the  intrathoracic  space.  (And  there  was 
really  no  need  to  because  Phibbs  and  Kitterman  at  UCSF  had 
long  concentrated  their  efforts  on  correcting  hypovolemia, 
low  blood  pressure,  and  decreased  cardiac  output  in  the  newly 
bom  from  the  very  moment  of  birth.)  Gregory  decided  to  use 
CPAP  and  the  baby  lived.  An  added  dividend  was  that,  because 


CPAP  opened  alveoli  perfused  with  mixed  venous  blood  and 
therefore  oxygenated  this  blood,  its  use  permitted  treating  the 
baby  with  lower  (and  safe)  concentrations  of  inspired  Ch  and 
thereby  lessening  or  eliminating  the  toxic  effects  of  O:  on  the 
lungs.  (Frequent  analyses  of  O:  tension  of  arterial  blood  elim- 
inated the  other  bugaboo  of  O:  inhalation  in  the  newly  born — 
blindness  due  to  retrolental  fibroplasia.) 

By  1970,  the  results  of  treating  seven  babies  (six  of  whom 
survived),  were  reported  to  the  Society  for  Pediatric  Research, 
and  in  June  1971  the  results  of  treating  36  babies  (see  page 
716)  were  published  in  full.  Why  didn't  it  come  in  1959-61 
instead  of  1969-71?  I've  mentioned  some  of  the  important 
reasons:  need  for  the  neonatal  intensive  care  unit,  need  to  test 
other  forms  of  treatment,  fear  of  adverse  effects  of  CPAP  on 
the  circulation. 

Why  Gregory  rather  than  A,  B,  or  C?  One  reason  was 
Hamilton's  continuing  faith  in  CPAP  despite  earlier  setbacks. 
Another,  of  course,  was  Gregory's  close  relation  with  a  large 
group  of  RDS  investigators.  Gregory  gives  several  other  rea- 
sons that  influenced  him. 

One  was  that  Harrison  and  his  associates  (118)  had  shown 
that  babies  who  grunted  (breathed  out  against  an  expiratory 
resistance,  self-imposed)  improved,  but  when  Harrison  intro- 
duced an  endotracheal  tube  into  these  same  babies,  and  they 
could  no  longer  grunt,  they  got  worse.  A  somewhat  similar 
situation  had  been  encountered  by  Smith  and  associates  (119), 
who  noted  improvement  in  oxygenation  of  arterial  blood  of 
babies  with  RDS  when  a  mechanical  ventilator  kept  the  intra- 
aJveolar  pressure  above  atmospheric  for  more  than  half  of  the 
baby's  respiratory  cycle. 

Another  was  that  newborn  babies  usually  breathe  rapidly — 
60/min  or  more.  When  a  newborn  baby  was  ventilated  with 
a  positive  pressure  device  cycling  at  a  rapid  rate  and  there  was 
not  enough  time  during  expiration  for  the  alveolar  and  air- 
way pressure  to  fall  to  atmospheric,  the  baby  got  better;  when 
the  machine  malfunctioned  at  the  high  frequency  and  had  to 
be  used  at  a  low  frequency,  the  baby  got  worse.  Gregory 
decided  that  when  babies  with  RDS  did  breathe  voluntarily, 
he  would  let  them  continue  to  do  so  (with  a  continuously 
imposed  distending  pressure)  and  not  permit  use  of  a  slower 
rate  of  mechanical  ventilation. 

I  suspect  that  in  any  case,  CPAP  was  a  treatment  whose 
time  had  come.  RDS  was  the  most  important  life-or-death  prob- 
lem in  pediatrics,  more  and  more  highly  trained  pediatricians 
were  working  in  intensive  care  units  for  the  newborn,  and  it 
was  inevitable  that  someone  in  the  proper  environment  would 
try  CPAP,  with  the  proper  pressures.  Llewellyn  and  Swyer 
came  close  in  1970  when  they,  like  Gregory,  reported  their 
results  to  the  Society  for  Pediatric  Research  ( 1 20);  they  added 
positive  expiratory  pressure  (2.5  to  6  cm  H^O)  to  mechani- 
cal ventilation  of  1 1  infants  with  RDS  (mean  birth  weight  2.160 
grams)  and  7  (64  per  cent)  survived.  Gregory  used  8  to  16  cm 
HiO  pressure  (6  to  12  mm  Hg)  continuously  in  babies  breath- 
ing spontaneously  without  a  ventilator. 
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Trials  and  Tribulations 

Physicians  engaged  in  clinical  trials  on  the  human  fetus 
and  newborn  have  special  tribulations  in  addition  to  the  usual 
ones.  The  special  tribulations  are  that  they  are  damned  by  some 
if  they  don 't  do  research  and  damned  by  others  if  they  do.  The 
usual  criticisms  relate  to  the  design  of  a  therapeutic  study  and 
might  be  summed  up  by  two  questions:  (1)  Is  the  double  blind, 
randomized  clinical  trial  the  only  scientifically  acceptable 
design?  (2)  Is  this  type  of  trial  often  scientifically  unneces- 
sary and  ethically  unacceptable? 

Because  there  is  currently  a  lively  debate  on  these  ques- 
tions ( 1 2 1  - 1 25)  and  because  the  study  of  Gregory  and  his  asso- 
ciates was  not  double  blind  and  randomized,  I  should  com- 
ment a  bit  on  introducing  new  forms  of  treatment.  I've  done 
clinical  investigation  of  therapeutic  procedures  as  well  as  purely 
laboratory  studies.  One  of  my  clinical  studies  with  Dripps  (the 
effect  on  healthy  men  of  inhalation  of  O2  for  24  hours  ver- 
sus inhalation  of  air  for  the  same  time)  was  as  well  controlled 
as  a  randomization  enthusiast  could  want.  But  another  was 
not.  It  was  a  nonrandomized  comparison  of  the  efficacy  of 
two  methods  of  artificial  ventilation.  It  couldn't  possibly  have 
been  randomized  because  there  wasn't  any  control  group — 
each  patient  served  as  his  own  control.  In  1946,  when  Dripps 
and  I  found  that,  in  adult  apneic  patients,  the  Eve  (tilting) 
method  moved  500  mL  air/breath  and.  in  the  same  patient, 
the  Schafer  method  moved  only  75- 1 1 7  mL  (not  enough  even 
to  clear  the  respiratory  dead  space),  we  realized  that  each- 
patient-as-his-own-control  was  the  best  way  to  determine  which 
method  was  better.  In  our  opinion,  we  would  have  served  sci- 
ence poorly  and  morality  even  worse  if  we  had  randomly 
assigned  each  apneic  patient  to  one  of  two  groups  and  treated 
one  with  a  method  sure  to  fail  (and  now  abandoned  as  worth- 
less) and  the  other  with  a  pretty  good  technic. 

Statistician  A.  Bradford  Hill  (126)  in  1951  pleaded  for  and 
obtained  the  controlled  clinical  trial;  worshippers  at  his  altar 
would  do  well  to  reread  his  original  paper  in  which  he  stated: 

The  first  step  in  such  a  trial  is  to  decide  precisely 
what  it  is  hoped  to  prove,  and  secondly  whether  these 
aims  can  be  ethically  fulfilled.  It  need  hardly  be  said 
that  the  latter  consideration  is  paramount  and  must 
never,  on  any  scientific  grounds  whatever,  be  lost  sight 
of.  If  a  treatment  cannot  ethically  be  withheld  then 
clearly  no  controlled  trial  can  he  instituted. 

...Sometimes,  not  often,  controls  are  indeed  unnec- 
essary If  in  the  past  a  disease  has  invariably  and  rapidly 
led  to  death  there  can  be  no  possible  need  for  controls 
to  prove  a  change  in  the  fatality  rate.  Thus  the  trial  of 
streptomycin  in  tuberculous  meningitis  needed  no  con- 
trol group.  Given  a  precise  and  certain  identification 
of  the  case,  the  success  of  treatment  could  he  measured 
against  the  past  100%  fatal  conclusion.  No  controls, 
too,  an'  essential  to  prove  the  value  of  a  drug  such  as 
penicillin  which  quickly  reveals  dramatic  effects  in  the 


treatment  of  a  disease.  Such  dramatic  effects  occur- 
ring on  a  large  scale  and  in  many  hands  cannot  be  long 
overlooked. 

It  seems  to  me  that  there  is  a  fairly  sensible  way  of  look- 
ing at  clinical  investigation  that  involves  the  medical  or  sur- 
gical management  of  patients:  assuming  that  you  agree  with 
Bradford  Hill  that  ethical  considerations  (the  patient's  right 
to  life  and  happiness)  supersede  scientific  ones,  then  do  the 
very  best  study  that  needs  to  be  done.  Sometimes  it  will  require 
no  concurrent  controls  (e.g.,  when  a  drug  or  procedure  leads 
to  the  almost  invariable  and  complete  cure  of  a  disease  pre- 
viously almost  invariably  fatal);  sometimes  the  best  study 
requires  treating  all  patients  similarly,  first  with  procedure 
A  and  then  with  procedure  B,  or  vice  versa  (the  sequential 
approach,  or  eaeh-patient-as-his-own-control);  sometimes  the 
best  study  does  indeed  require  a  randomized,  double  blind, 
large  scale  and  very  expensive  study  to  settle  a  question,  such 
as  whether  gobbling  huge  doses  of  ascorbic  acid  daily  pre- 
vents the  common  cold,  and  here  the  rigidly  controlled  trial 
ought  to  begin  at  least  as  early  as  the  second  patient  is  treated. 
But  let's  not  live  in  constant  fear  of  the  great  god  Random- 
ization; his  (or  her)  appetite  is  huge,  and,  if  fed  continuously . 
could  consume  much  of  the  nation's  research  dollars  and  per- 
sonnel, and  even  the  lives  of  some  patients. 

Clinical  trials  in  the  nursery  differ  somewhat  from  trials 
in  children  or  adults.  The  blood  pressure  of  an  adult  with  hyper- 
tension is  affected  psychologically  by  his  confidence  in  his 
physician;  the  life  of  a  premature  baby  in  the  nursery  is  not. 
In  the  nursery,  the  color  or  taste  of  a  placebo  has  no  influence 
on  the  baby's  will  to  live.  In  the  nursery,  the  physician  and 
nurse  cannot  be  "blinded"  to  the  therapy  used,  because  they 
themselves  must  administer  it;  and  they  must  know  vital  mea- 
surements minute  by  minute  to  carry  out  optimal  therapy  In 
the  nursery,  immediate  survival  and  preservation  of  organ  func- 
tion is  all  that  counts. 

Now  let's  look  at  the  classic  study  of  Gregory  and  his  col- 
leagues between  1969  and  197 1 .  It  did  include  two  impor- 
tant controls:  ( 1 )  It  had  the  experience,  over  a  period  of  years, 
of  a  highly  expert  group,  schooled  and  skilled  both  in  mod- 
ern research  technics  and  in  intensive  and  continuous  mon- 
itoring and  care  of  the  newborn  so  that  it  had  unusually  good 
records  of  the  clinical,  physiological,  and  biochemical  stale 
of  both  pre-CPAP  treated  and  post-CPAP  treated  babies— 
in  short,  the  group  was  unusually  well  equipped  to  identify 
and  compare  the  results  in  RDS  babies  treated  in  1966.  1967. 
1968.  1969.  etc.  (see  p.  7 16  and  footnote  p.  717).  (2)  At  least 
initially,  the  group  used  each  baby  as  its  own  control,  first  using 
modem  intensive  care  and  intermittent  pulmonary  ventilation 
and  then  the  same  modem  intensive  care  with  only  one  change, 
a  switch  to  continuous  positive  airway  pressure. 

Let's  ask  how  one  would  have  obtained  permission  to  do 
a  randomized,  controlled  clinical  study  in  the  nursery  in  1969 
to  1971. 
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SCENARIO 

Enter  physician. 

Physician  to  mother:  Your  baby  has  respiratory  distress  syn- 
drome. We  want  to  compare  a  new  method  of  treatment.  A.  with 
the  present  management.  B.  Can  we  enter  your  baby  in  this  study'.' 
It  would  be  assigned  randomly  to  treatment  A  or  B. 
Mother:  In  your  opinion,  does  my  baby  have  a  better  chance 
of  living  with  treatment  A  or  B7 
Physician:  We  don't  know.  Maybe  A,  maybe  B. 
A  space-age  computer  interrupts  at  this  point:  Not  true.  Physi- 
cian incorrect.  Answer  unacceptable.  He  knows  A  is  better 


because  5  babies  in  a  row  have  lived  with  treatment  A  which 
is  at  least  twice  as  good  a  record  as  treatment  with  B. 
Physician  (now  speaking  honestly):  We're  convinced  that  A 
is  far  better  but  we  can't  convince  Drs.  X.  Y,  and  Z  unless 
we  have  a  randomized,  controlled  clinical  study. 
Mother.  Thanks;  I  want  a  live  baby  more  than  anything  else 
in  the  world — even  more  than  convincing  Drs.  X.  Y.  and  Z. 
Please  be  sure  my  baby  gets  the  new  treatment. 
Exit  Mother. 

Follow-up:  The  twins  in  figure  5  are  happy  that  one  of  them  was 
not  assigned  to  a  control  group  that  was  not  ueated  with  CPAP.) 


Fig.  5.  Twin  girls  born  in  1974  after  29  weeks' gestation.  Birth  weights  were  1,100  and  1,160  grams.  Both  had  assisted  ventilation  from  birth. 
(Upper  left)  Twin  A  at  1  day  of  age.  breathing  against  continuous  positive  pressure  of  9  mm  Hg.  The  tip  of  an  umbilical  artery  catheter  lies 
just  above  the  bifurcation  of  the  aorta;  the  catheter  is  used  to  obtain  continuous  measurements  of  arterial  blood  pressure  and  periodic  sam- 
ples of  blood  to  measure  its  02  tension.  (The  size  of  each  infant  can  be  estimated  from  the  diameter  of  the  transparent  corrugated  tube  [top 
right],  which  is  2.8  cm.)  Twin  A  required  ligation  of  a  patent  ductus  arteriosus  in  her  fourth  day  of  life  to  relieve  congestive  heart  failure.  She 
received  CPAP  or  positive  end-expiratory  pressure  until  the  age  of  24  days,  when  the  endotracheal  tube  was  removed.  At  2  and  3  years  of 
age,  she  performed  within  the  normal  range  on  standard  infant  intelligence  tests.  (Upper  right)  Twin  B  at  1  day  of  age  breathing  again  v 
positive  airway  pressure  of  10  mm  Hg.  She  too  required  surgical  ligation  of  a  patent  ductus  arteriosus  at  4  days  of  age.  She  was  treate 
CPAP  or  positive  end-expiratory  pressure  until  21  days  of  age,  when  the  endotracheal  tube  was  removed.  Intellectual  performance  at  age  2 
and  3  years  was  similar  to  that  of  Twin  A.  (Lower)  Twins  A  and  B  at  age  of  2  years.  (Photographs  courtesy  of  Dr.  William  Tooley.) 
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Some  believe  that  the  time  is  now  ripe  for  controlled  stud- 
ies, with  randomization,  designed  to  evaluate  finer  points  of 
treatment,  to  achieve  the  lowest  possible  mortality  and  mor- 
bidity (127):  what  type  of  distending  pressure  is  best?  with 
what  concentration  of  oxygen?  when  and  for  how  long  should 
it  be  applied? 

Where  Are  They  Now? 

Neergaard,  as  mentioned  earlier,  died  in  1947  before  he 
had  the  satisfaction  of  seeing  his  work  repeated,  accepted, 
acclaimed,  and  canonized. 

Gruenwald,  after  his  1946  research,  made  pressure-vol- 
ume measurements  of  a  very  large  series  of  lungs  of  infants 
who  came  to  autopsy.  In  the  early  1960s,  while  Associate 
Professor  of  Obstetrics,  Pediatrics,  and  Pathology  at  Johns 
Hopkins,  Gruenwald  collaborated  with  Clements,  then  at 
Edgewood,  Maryland,  correlating  the  mechanical  proper- 
ties of  infants'  lungs  with  the  surface  activity  of  extracts  made 
from  them.  He  continued  to  publish  papers  on  infant  lungs 
throughout  the  1960s.  In  1968  he  moved  to  Philadelphia, 
first  to  the  Veterans  Administration  Hospital  and  the  Depart- 
ment of  Pathology  at  the  University  of  Pennsylvania  and, 
two  years  later,  to  Hahnemann.  He  has  recently  retired  and 
is  now  Professor  Emeritus  of  pathology  at  Hahnemann  Med- 
ical College. 

Macklin  became  Professor  of  Histology  and  Embryology 
at  the  University  of  Western  Ontario  in  1921  (a  position  he 
held  for  the  remainder  of  his  academic  career).  He  was  elected 
to  the  Royal  Society  of  Canada  in  1924  and  to  numerous  other 
societies  in  North  America  and  Europe.  His  own  university 
awarded  him  the  honorary  degree  of  D.Sc.  in  1953  when  he 
retired  at  age  70.  Because  the  policy  of  his  university  denied 
its  facilities  to  retired  faculty  members,  he  continued  his  stud- 
ies at  home  "with  old  sections  and  an  old  microscope."  He 
died  suddenly  from  a  coronary  occlusion  on  November  23. 
1959.  at  age  75. 

Radford,  after  his  first  published  paper,  which  dealt  with 
alveolar  surface  area,  made  a  number  of  additional  lasting  con- 
tributions to  our  knowledge  of  artificial  respiration  and  the 
mechanical  properties  of  the  lungs.  He  then  be  came  inter- 
ested in  the  air  we  breathe,  in  toxic  substances  in  it  (such  as 
carbon  monoxide  and  its  effects  on  the  heart)  and  in  toxic  chem- 
icals in  cigarette  smoke  (such  as  polonium-210  and  its  pos- 
sible role  in  producing  lung  cancer).  From  time  to  time  he 
returned  to  his  first  research  interest  (renal  physiology,  water 
metabolism,  and  the  antidiuretic  hormone).  He  has  had  posi- 
tions at  DuPont's  Haskell  Research  Laboratories,  again  at  Har- 
\  aal.  then  at  the  University  of  Cincinnati,  and  now  seems  to 
be  well  settled  at  Johns  Hopkins,  where  he  has  been  Professor 
of  Environmental  Medicine  since  1968,  except  for  a  year  at 
Oxford  (1975-76)  as  Visiting  Professor  to  the  Department  of 
the  Regius  Professor  of  Medicine.  As  one  would  expect,  he 
has  served  in  many  important  roles  as  consultant  on  envi- 


ronmental medicine  to  state  and  national  bodies  and  has  always 
maintained  his  interest  in  teaching  and  training  others. 

Pattle  has  remained  at  the  Chemical  Defence  Research 
Establishment  where  he  has  been  Senior  Principal  Scientific 
Officer  since  1963.  He  has  continued  research  on  inhaled  toxic 
materials  and  on  his  first  love — the  action  potential  of  nerve 
and  muscle — but.  since  1972,  has  published  exclusively  on 
lung  surfactant:  the  effect  of  anesthetics  and  some  chemical 
agents  on  it.  electron  microscopic  studies,  and  comparative 
anatomy  and  physiology  of  surfactant. 

In  a  recent  letter  to  me  (June  1 1 .  1977).  he  wrote: 

Now  one  or  two  cautions.  First,  the  words  "surface 
active."  In  ordinary  physical  chemistry  this  means  "tend- 
ing to  accumulate  at  a  surface  and  lower  surface  ten- 
sion." Unfortunately  in  specialist  lung  literature,  it  has 
come  to  mean  "capable  of  forming  a  surface  film  which, 
when  compressed,  can  assume  a  metastable  state  of 
high  surface  pressure  and  reduce  the  surface  tension 
to  a  small  fraction  of  its  equilibrium  value."  I  have 
floated  the  word  "surpellic"  to  describe  substance  i  'I 
the  latter  type  and  films  formed  from  them.  It  is  highly 
undesirable  that  we  should  use  "surface  active"  in  a 
sense  different  from  the  ordinary.  It  even  seems  to  con- 
fuse writers  on  the  lung.  I  hope  that  "surpellic"  (from 
Latin  "pellere."  to  push)  will  catch  on  (see  J.  Zool.. 
182:125-136.  1977). 

Secondly,  some  writers  refer  to  a  discovery  based 
on  obsen  ation  of  something  which  was  not  what  was 
actually  being  investigated,  as  a  "chance"  or  "accidental" 
discovery.  This  is  never  true.  Observations  are  made 
because  the  observer  is  on  the  lookout  for  anything 
strange.  The  discovery  of  lung  surfactant  came  about 
as  the  result  of  a  peculiar  concatenation  of  circumstances, 
but  not  as  the  product  of  chance  or  accident. 

Von  Neergaard  deduced  that  the  surfactant  must 
exist,  hut  he  failed  to  find  it  for  the  following  reason. 
He  measured  the  surface  tension  bj  a  method — i.e.  mea- 
surement of  the  force  necessary  to  pull  a  stirrup  awa) 
from  the  surface — in  which  the  surface  was  unit  he, I 
at  the  moment  of  measurement.  As  the  surfactant  only 
shows  its  surpellic  properties  when  the  surface  film  is 
compressed,  such  a  method  could  not  detect  it.  In  both 
the  bubble  and  [Clements's]  Wilhelmy  trough  meth- 
ods the  surface  is  compressed,  so  that  the  surfactant 
can  be  detected  by  these  methods. 

Clements  left  the  Arms  Center  for  a  year  to  be  Visiting 
Professor  in  the  Cardiovascular  Research  Institute,  Univer- 
sity of  California.  San  Francisco,  returned  to  Edgewood  for 
a  year,  and  then  accepted  a  permanent  faculty  position  in  San 
Francisco  where  he  still  works  as  Professor  of  Pediatrics  and 
Career  Investigator  of  the  American  Heart  Association.  He 
was  elected  to  the  National  Academy  of  Sciences  in  1974  and 
has  received  many  awards. 

It  may  seem  odd  that  Clements,  who  has  always  worked 
in  the  field  of  pulmonary  and  respiratory  physiology,  bio- 
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chemistry,  and  biophysics,  receives  his  lifetime  professorial 
salary  from  the  American  Heart  Association  (AHA)  rather 
than  from  the  American  Lung  Association.  The  AHA  started 
its  Career  Investigator  program  in  195 1  and.  over  a  period  of 
years,  its  Research  Committee  has  initiated  about  14  lifetime 
awards.  In  1962.  the  American  Lung  Association  (ALA)  (then 
the  NTRDA)  had  not  yet  instituted  a  similar  program  (though 
the  American  Cancer  Society  had):  a  well-known  pulmonary 
scientist  sent  a  formal  proposal  to  the  American  Thoracic  Soci- 
ety (medical  section  of  the  ALA)  asking  that  it  and  its  par- 
ent body  provide  lifetime  career  professorships  for  innova- 
tive, creative  scientists  judged  likely  to  be  leaders  throughout 
their  scientific  careers;  the  proposal  also  formally  nominated 
Clements  for  such  a  position.  The  Society's  committees  con- 
sidered the  proposal  sympathetically  but  turned  it  down  in  1963 
"because  of  the  rather  limited  amount  of  money  available." 
The  American  Heart  Association  awarded  him  a  Career  Inves- 
tigatorship  in  1964  despite  the  fact  that  Clements  was  and  still 
is  essentially  a  pulmonary  biophysicist-physiologist. 

It  is  of  interest  that  both  organizations  derive  their  funds 
from  contributions  by  the  public  and  receive  a  somewhat  sim- 
ilar amount  each  year.  In  1963  the  ALA  received  $31,093,1 1 1 
(but  had  "limited  funds").  In  1964  the  AHA  received 
$30. 121,526  but  went  on  to  support  its  twelfth  Career  Inves- 
tigator. The  AHA  interprets  its  mandate  from  the  public  one 
way;  the  ALA  interprets  its  in  another.  The  AHA's  Committee 
on  Research  believed  firmly  that  an  important  role  for  vol- 
untary health  agencies  is  the  recognition  and  support  of  indi- 
viduals with  unusual  talent  for  research,  to  free  them  for  long 
periods  from  onerous  responsibilities  that  interfere  with  their 
work.  The  ALA  did  not.  It  would  be  interesting  some  years 
from  now  to  evaluate  the  results  of  these  two  different  poli- 
cies on  the  improvement  of  health. 

Avery,  after  her  research  fellowship  in  Boston  in  1957- 
59  with  Mead,  returned  to  Johns  Hopkins  where  she  became 
Associate  Professor  of  Pediatrics  in  1964.  She  left  in  1969 
to  become  Chairman  of  the  Department  of  Pediatrics  at  McGill 
University,  but  since  1974  has  been  Chairman  of  Harvard's 
Pediatrics  Department  and  Physician-in-Chief  to  Children's 
Hospital  Medical  Center  in  Boston.  She  has  been  a  complete 
neonatologist  and  has  dime  research  on  a  wide  variety  of  prob- 
lems of  the  newborn;  from  1970  on,  however,  she  has  been 
involved  deeply  and  continuously  in  problems  of  lung  mat- 
uration and  ways  of  accelerating  it  and  preventing  RDS.  In 
her  spare  time,  she  has  written  two  widely  used  books.  The 
Lung  and  Its  Disorders  in  the  Newborn  Infant,  now  in  its  third 
edition,  and  (with  A.  J.  Schaffer),  Diseases  of  the  Newborn, 
and  chapters  in  15  books. 

Mead  has  never  wandered  from  Harvard.  He  received  his 
B.S.  and  M.D.  there  and,  except  for  two  years  of  Army  ser- 
vice ( 1947-49),  has  been  on  the  faculty  of  the  Harvard  School 
of  Public  Health  continuously  since  1950,  Professor  since  1965. 
Mead's  first  nine  publications  resulted  from  his  Army  expe- 
rience and  dealt  with  the  relationship  between  temperature 


and  peripheral  blood  flow.  Once  ensconced  in  Harvard,  he 
turned  to  research  on  the  physical  properties  of  the  lungs  and 
has  stayed  with  this  problem  continuously.  He  has  been  respon- 
sible for  part  or  all  of  the  research  training  of  many  now  well- 
known  scientists,  and  by  his  enthusiasm  and  dedication  to 
research  and  his  generosity  with  ideas,  has  catalyzed  the 
research  of  many  of  his  fellows  and  colleagues. 

Concluding  Remarks 

Ritchie  Calder  divided  scientists  into  two  groups:  those 
who  make  it  possible  and  those  who  make  it  happen  ( 1 28). 
In  a  period  of  20-some  years,  respiratory  distress  of  the  new- 
bom  has  advanced  from  a  state  of  almost  complete  ignorance 
to  one  of  the  most  completely  characterized  of  all  disorders — 
and  both  groups  share  the  credit  for  this  remarkable  advance. 
Laplace.  Young.  Neergaard,  Radford,  Pattle,  Clements.  Lig- 
gins,  and  many  others  made  it  possible,  and  Avery,  Gregory, 
Gluck.  and  many  others  made  it  happen.  It's  worth  empha- 
sizing that  Laplace  and  Young  lived  100  years  before  there 
was  such  a  disorder  as  atelectasis  of  the  newborn;  that  Neer- 
gaard did  his  classic  study  only  to  find  out  if  the  millions  of 
tiny  bubbles  in  the  lungs  (the  air  sacs)  contributed  a  new  and 
unsuspected  type  of  recoil  in  expiration;  that  Radford  wanted 
to  measure  the  alveolar  surface  area  just  for  the  sake  of  acquir- 
ing new  knowledge;  that  when  Pattle  was  asked  whether,  by 
using  antifoams.  he  could  get  rid  of  pulmonary  edema  foam 
(that  blocked  the  airways  of  goats  poisoned  by  phosgene),  he 
was  a  physicist  "who  knew  very  little  about  the  pulmonary 
or  cardiovascular  systems"  and  probably  never  heard  of  RDS; 
and  that  Clements  was  a  physiologist-biophysicist  who  wanted 
primarily  to  learn  whether  Radford  or  Pattle  was  right.  None 
of  those  "who  made  it  possible"  was  at  that  time  looking  for 
something  to  help  in  the  early  diagnosis,  prevention,  or  treat- 
ment of  RDS. 

Scarpelli.  who  in  1968  wrote  the  first  scholarly  monograph 
(129)  on  pulmonary  surfactant  (with  more  than  320  references 
to  articles  published  at  that  time),  summed  up  the  story  of  dis- 
covery and  application  in  one  paragraph: 

In  any  science  there  are  the  discoverers  and  inno- 
vators whose  contributions  reside  in  their  ability  to  look 
forward  with  true  perspective.  For  the  lung  surfactant 
system  these  scientists  are  Drs.  K.  von  Neergaard.  R. 
E.  Pattle,  J.  A.  Clements,  E.  P.  Radford,  Jr.,  E.  S.  Brown, 
M.  E.  Avery,  and  J.  Mead.  There  are  those  who  extend 
and  refine  the  science  and  continue  to  innovate.  Their 
names  are  in  the  bibliography  of  this  text.  Then  there 
is  the  reporter  and  author.  His  task  is  his  responsibil- 
ity and  he  can  only  hope  that  he  has  been  objective, 
reasonable,  and  stimulating. 

There's  another  lesson  worth  learning  from  the  story  of 
RDS.  You've  learned  the  lesson  when  you  realize  what  a 
of  the  entries  in  the  following  list  have  in  common: 
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measurement  of  molecular  size  and  configuration 

experimental  ablation  of  pituitary  gland 

oxygen  and  carbon  dioxide  electrodes 

measurement  of  intraesophageal  pressure 

high  resolution  electron  microscope 

chromatography  and  lipid  chemistry 

origin  of  amniotic  fluid 

nerve  gas  and  respiratory  paralysis 

soap  films  and  bubbles 

laws  of  gravitation  and  planetary  motion 

electrophoresis;  radioimmunology 

conduction  of  electricity  through  stretched  wire 

phosgene  poisoning  and  pulmonary  edema 

high  altitude  physiology 

alveolar  ventilation-blood  How  ratios 

pulmonary  surface  area 

dipalmitoyl  phosphatidyl  choline 

intensive  coronary  care  units 

Correct.  Knowledge  of  each  of  the  above,  initially  com- 
pletely unrelated  to  RDS.  was  essential  or  helpful  in  saving 
the  lives  of  babies  born  with  premature  lungs.  So  when  some- 
one asks  you  what's  the  good  of  all  this  research  that's  not 
specifically  directed  to  immediately  solving  the  problem  of 
cancer  or  emphysema  or  congestive  heart  failure,  tell  him  (or 
her)  that  essential  clues,  concepts,  and  methods  often  (usu- 
ally) come  from  unrelated  fields.  And  then  show  him  the  pic- 
ture of  twins  A  and  B  and  ask  if  it  isn't  really  all  worthwhile. 
And  it  he  (or  she)  isn't  interested  in  human  life  but  only  in 
dollars,  tell  him  that  the  March  1977  report  of  the  Task  Force 
on  Respiratory  Diseases  of  the  NIH  Division  of  Lung  Dis- 
eases ( I  30)  includes  an  estimate  that  a  primary  prevention  pro- 
gram for  RDS  (starting  in  1977  at  our  present  advanced  posi- 
tion) would  reduce  the  number  of  premature  births  in  the  United 
States  each  year  from  500,000  to  350,000,  would  decrease 
the  number  of  infants  born  with  RDS  from  50,000-70,000  to 
35,000-47,000  and  the  number  of  deaths  from  5,000-10,000 
to  3,500-7,000,  and  reduce  the  costs  of  treatment  by  75  to  1 50 
million  dollars 

One  final  remark.  In  the  earl)  19(Kls.  Boys  had  put  his  pop- 
ular lectures.  "Soap  Bubbles"  into  book  form  ("meant  for  juve- 
niles and  lor  juveniles  only")  "in  the  hope  that  it  may  excite 
in  a  lew  young  people  some  small  fraction  of  the  interest  and 
enthusiasm  ...  awakened  in  the  author  [by  previous  lectures 
of  G.  F.  Rodwill]."  In  his  introduction,  Boys  remarked,  "I  hope 
that  none  of  you  are  yet  tired  of  play  tng  w  ith  bubbles,  because, 
as  I  hope  we  shall  see.  there  is  more  in  a  common  bubble  than 
those  who  have  only  played  with  them  generally  imagine." 
(131) 

1  wonder  whether  Neergaard  was  stimulated  to  do  his  exper- 
iments because  of  Boss's  bixik.  I  also  wonder  how  many  more 
advances  are  still  hidden  inside  an  ordinary  soap  bubble 

Julius  II.  Com  roe, . I  r. 


NOTE:  My  sincere  apologies  to  my  many  scientific  asso- 
ciates and  colleagues  whose  names  should  have  but  didn't 
appear  in  these  three  articles;  1  tried  but  found  it  impossi- 
ble to  write  a  scholarly  review  and  interesting  story  in  one 
and  the  same  article. 
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AARC  &  Affiliates 

July  15 — Live  Video  Conference 

"Initial  Treatment  for  the  Pediatric  Patient  in  Respiratory  Distress,"  Part  5  of  the  AARC's  1997  "Professor's  Rounds"  airs  from  12:30 

to  2  PM  Eastern  Time. 
CRCE:  1  credit  hour. 
Contact:  The  AARC  at  (972)  243-2272. 

July  16 — Live  Telephone  Question-and-Answer  Session 

View  "Asthma  Disease  Management:  Using  the  Revised  NAEPP  Guidelines  in  Practice."  Part  4  of  the  AARC's  1997  "Professor's  Rounds." 

and  participate  in  a  live  telephone  question-and-answer  session  from  12:30  to  1  PM  Eastern  Time. 
CRCE:  1  credit  hour. 
Contact:  To  receive  the  videotape  and  register  for  the  teleconference,  call  the  AARC  at  (972)  243-2272. 

August  6-8 — New  Mexico  Society 

31st  Annual  Conference.  "At  the  Hop,"  at  the  Albuquerque  Convention  Center  and  Double  Tree  Hotel,  Albuquerque.  New  Mexico.  The 

annual  golf  tournament,  awards  banquet,  and  Sputum  Bowl  are  scheduled. 
Contact:  Brooke  Patterson,  VA  Hospital,  (505)  265-171 1,  ext  4998. 

August  20 — Live  Telephone  Question-and-Answer  Session 

View  "Initial  Treatment  for  the  Pediatric  Patient  in  Respiratory  Distress."  Part  5  of  the  AARC's  1997  "Professor's  Rounds"  and  participate 

in  a  live  telephone  question-and-answer  session  from  12:30  to  1  PM  Eastern  Time.  CRCE:  1  credit  hour. 
Contact:  To  receive  the  videotape  and  register  for  the  teleconference,  call  the  AARC  at  (972)  243-2272. 

August  21 — Ohio  Society 

Annual  Critical  Care  Seminar.  "Rock-n-Roll  and  Respiratory  Care,"  hosted  by  MetroHealth  Medical  Center,  Cleveland,  Ohio. 
Contact:  Bob  Messenger  at  (216)  778-3226  or  e-mail  bmessenger@mhmc.org. 

August  26 — Live  Video  Conference 

"Nitric  Oxide:  Issues  and  Answers,"  Part  6  of  the  AARC's  1997  "Professor's  Rounds"  series,  airs  from  12:30  to  2  PM  Eastern  Time. 

CRCE:  1  credit  hour. 

Contact:  To  register,  call  the  AARC  at  (972)  243-2272. 

September  8 — Live  Telephone  Question-and-Answer  Session 

View  "Nitric  Oxide:  Issues  and  Answers,"  Part  6  of  the  AARC's  1997  "Professor's  Rounds"  series  and  participate  in  a  live  telephone 

question-and-answer  session  from  12:30  to  1  PM  Eastern  Time. 
CRCE:  1  credit  hour. 
Contact:  To  receive  the  videotape  and  register  for  the  teleconference,  call  the  AARC  at  (972)  243-2272. 

September  17-19 — Maryland  and  District  of  Columbia  Societies 

16th  Annual  Educational  Symposium,  the  Conference  by  the  Sea,  "Respiratory  Care  Practitioners  Reaching  for  the  Future."  at  the  Sheraton 

Fountainbleau  Hotel,  Ocean  City.  Maryland.  A  management  track  on  managed  care  issues  is  also  featured. 
Contact:  Elgloria  Harrison  at  (410)  578-8600.  ext  2 1  1 . 

Other  Meetings 

August  22-23 — The  American  College  of  Chest  Physicians 

Pediatric  Pulmonary  Update  at  the  ACCP  Alfred  Softer  Educational  Center,  Northbrook,  Illinois. 

Contact:  ACCP,  Product  and  Registration  Services.  3300  Dundee  Rd,  Northbrook  IL  60062,  (800)  343-2227,  fax  (847)  498-5460.  e-mail: 
registration@chestnet.org. 

September  12-13 — Atlanta  Post-Polio  Association 

Post-Polio  Conference,  "Been  There,  Done  That,  Movin'  On,"  at  the  Atlanta  Marriott  Gwinnett  Place,  Atlanta,  Georgia. 
Contact:  APPA,  PO  Box  250566,  Atlanta  GA  30325;  or  Linda  Sutherland  at  (770)  732-9163;  or  the  APPA  information  line  .it  I 
350-7631;  ore-mail  bgbonham@mindspring.com. 
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September  19-21 — Extracorporeal  Life  Support  Organization 

Ninth  Annual  Meeting  at  the  Atheneum  Suite  Hotel.  Detroit.  Michigan. 
Contact:  Phoebe  Hankins  at  (3 13)  998-6600  or  e-mail  at  phankmsCnumieh.edu. 

September  25-26—  INFOCARE 

Second  Annual  Neonatal/Pediatric  Respiratory/Critical  Care  Symposium  at  the  Sheraton  Fiesta  Beach  Resort,  South  Padre  Island.  1  exas. 
Contact:  Ralph  Miller,  INFOCARE.  350  San  Roman  Rd.  Los  FresnosTX  7X366.  (2101  233-5645  or  tax  (21(1)  233-1010. 
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Please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and 
date  application  on  reverse  side  and  type  or  print  clearly.  Processing  of 
application  takes  approximately  15  days. 

□  Active 
Associate 

□  Foreign 

□  Physician 
D  Industrial 

□  Special 

□  Student 


Last  Name  _ 
First  Name 


Social  Security  No 

Home  Address 

City 


State 


.Zip 


Phone  No. 


Primary  Job  Responsibility  (check  one  only) 

□  Technical  Director 

D  Assistant  Technical  Director 

□  Pulmonary  Function  Specialist 
D  Instructor/Educator 

□  Supervisor 

□  Staff  Therapist 

□  Staff  Technician 

□  Rehabilitation/Home  Care 

□  Medical  Director 

□  Sales 

□  Student 

□  Other,  specify 


Type  of  Business 

□  Hospital 

D  Skilled  Nursing  Facility 

□  DME/HME 

□  Home  Health  Agency 

□  Educational  Institution 

□  Manufacturer  or  supplier 

□  Other,  specify 


Date  of  Birth  (optional)  _ 
U.S.  Citizen? Yes 


Sex  (optional] 


No 


Have  you  ever  been  a  member  of  the  AARC? 
If  so,  when?  From 


to 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U  S  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  (1) 
is  legally  credenttaled  as  a  respiratory  care  professional  if  employed  in  a  state  that  mandates 
such,  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respiratory  care,  OR  (3) 
holds  a  creaentiaF  issued  by  the  NBRC  An  individual  who  is  on  AARC  Active  Member  in 
good  standing  on  December  8,  1994,  will  continue  as  such  provided  his/her  membership 
remains  in  good  standing. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 

Address        


City. 
State 


Zip 


Phone  No. 


Medical  Director/Medical  Sponsor 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements 
of  Active  Member  shall  be  Associate  Members  They  have  all  the  rights  and  benefits  of  the 
Association  except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee  The 
following  subclasses  of  Associate  Membership  are  available  Foreign,  Physician,  and 
Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly  devoted  to  the 
manufacture,  sale,  or  distribution  of  respiratory  care  equipment  or  supplies).  Special 
Members  are  those  not  working  in  a  respiraiory  care-related  field. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 

Address 

City 

State _ 


Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for 
Associate  Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care 
accredited  by,  or  in  the  process  of  seeking  accreditation  from,  an  AARGrecognized  agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care  Education 
(CRCE)  transcripts  Upon  completion  of  your  respiratory  care  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member 

School/RC  Program 

Address 

City 

State 


Zip 


Phone  No. 


Length  of  program 

D    1  year 
□    2  years 

Expected  Date  of  Graduation  (required  information) 

Month Year 


□  4  years 

D   Other,  specify  _ 


Preferred  mailing  address:  □   Home  □   Business 
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Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Check  the  Highest  Degree  Earned 

□  High  School 

□  RC  Graduate  Technician 

□  Associate  Degree 

□  Bachelor's  Degree 
D  Master's  Degree 

□  Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 

C   0-2  years  ,    11-15  Years 

□  3-5  years  □    16  years  or  more 

□  6-10  years 


Job  Status 

Full  Time 
□  Part  Time 


Credentials 

RRT 
D  CRTT 
□   Physician 
D  CRNA 
D  RN 


D  LVN/LPN 

□  CPFT 

□  RPFT 

□  Perinatal/Pediatric 


Salary 


□  Less  than  $10,000 

a  $io,ooi-$20,ooo 

D  $20,001 -$30,000 
1  $30,001  $40,000 
D   $40,000  or  more 


PLEASE  SIGN 

I  hereby  apply  (or  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  will 
abide  by  its  bylaws  and  professional  code  of  ethics  I  authorize  investigation  of 
all  statements  contained  herein  and  understand  thot  misrepresentations  or 
omissions  of  facts  called  for  is  cause  for  rejection  or  expulsion 

A  yearly  subscription  to  Respiratory  Care  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $6.50  from  my  dues  for  each  of  these  publications 

NOTE  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable 
contributions  for  income  tax  purposes  However,  they  may  be  tax  deductible  as 
ordinary  and  necessary  business  expenses  subject  to  restrictions  imposed  as  a 
result  of  association  lobbying  activities  The  AARC  estimates  that  the 
nondeductible  portion  of  your  dues  —  the  portion  which  is  allocable  to  lobbying 
—  is  26% 


Signature 
Date 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  12 
months.  (NOTE:  Renewal  fees  are  $65.00  Active,  Associate-Industrial  or 
Associate-Physician,  or  Special  status;  $80.00  for  Associate-Foreign  status;  and 
$35.00  for  Student  status). 


D  Active 

$77.50 

□  Associate  (Industrial  or  Physician) 

$77.50 

D  Associate  (Foreign) 

$92.50 

□  Special 

$77.50 

□   Student 

$35.00 

TOTAL 

$ 

Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 
publish  a  newsletter  four  times  a  year  that  focuses  on  issues  of  specific  concern 
to  that  specialty.  The  sections  also  design  the  specialty  programming  at  the 
national  AARC  meetings. 


,   Adult  Acute  Care  Section 

□  Education  Section 

D   Perinatal-Pediatric  Section 
D   Diagnostics  Section 

□  Continuing  Care- 
Rehabilitation  Section 

□  Management  Section 

□  Transport  Section 

□  Home  Care  Section 

□  Subacute  Care  Section 

TOTAL 

GRAND  TOTAL  =  Membership  Fee 

plus  optional  sections 


$5.00 
$10.00 
$5.00 
$5.00 

$5.00 

$10.00 

$5.00 

$5.00 

$5.00 


Total  Amount  Enclosed  $_ 

□  Please  charge  my  dues  (see  below) 

To  charge  your  dues,  complete  the  following: 
]   MasterCard 

□  Visa 

Card  Number 


4fP 


Card  Expires /_ 

Signature 
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Manuscript  Preparation  Guide 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997; 
42(6):623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  Respiratory  Care,  1 1030  Abies  Lane,  Dallas  TX  75229-4593, 
call  (972)  243-2272,  or  fax  (972)  484-6010. 

Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction.  Methods,  Results, 
Discussion.  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page.  Abstract,  Introduction,  Description  of  De- 
vice/Method/Technique, Evaluation  Methods,  Evaluation  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables.  Appendices,  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way,  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page,  Abstract,  Introduction.  Case  Summa- 
ry. Discussion.  References,  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page,  Out- 
line. Introduction,  Review  of  the  Literature,  Summary,  Acknowl- 
edgments, References.  Tables,  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  criticallv  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References,  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication," 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 
gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions.  Answers,  and  Discussion. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIRA- 
TORY Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  11  in.  (216  x279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  stai 
font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10  points  hi  .;         id 
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do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  comers.  Indent  paragraphs  5  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  affiliations  or  allusions  to 
institutional  affiliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page.  Abstract,  Text,  Product  Sources  List.  Acknowledgments.  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods.  Results,  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients,  Equipment.  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journars  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(11):  1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1 : 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 
1991;15(Mar):61.62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988:33(1 1):  11)4-4-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  information 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  1986; 

89(3  SuppI):139S-143S 

Absuact  in  journal:  ( Abstracts  citations  are  to  be  avoided.  Those  more 
than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract  I.  Respir  Care  I99<);35(  1 1 ):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spirometry '.'  (editorial  l.  Am  Rev  Respir 
Dis  I993;148(2):274. 

Editorial  with  no  author  given: 

inse-pressure  ventilation  for  chronic  obstructive  pulmonary  dis- 
ease (editorial).  Lancet  1992:340188331:1440-144] . 

Letter  in  journal: 

Aelom  Y.  Ethnic  norms  for  pulmonary  function  tests  ( letter  i.  Chest 
1991;99(4):1051. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura;  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug  eval- 
uations. 3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott;  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*.  t.  i,  II.  %  **.  ft)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text 
Number  them  consecutively  as  Fig.  1 .  Fig.  2.  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure  all 
figures  are  cited.  If  any  figure  was  previously  published,  include  cops  - 
right  holder's  written  permission  to  reproduce.  Figures  for  publi- 
cation must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used.  gi\  tng  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
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Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  w  ith  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  oj  Helsinki 
[Respir  Care  1997;42(6):635-636]  or  of  the  institution's  committee 
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obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identity  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated:  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Si  values— for  example,  "PEEP,  10  cm  H20  [0.98 1  kPa]."  For  con- 
version to  SI,  see  RESPIRATORY  Care  1988;33(10):861-873 
(Oct  1988),  1989:34(2):  145  (Feb  1989),  and  1997;42(6):639-640 
(June  1997). 

Conflict  of  Interest  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacturer  or  distributor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbreviation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg,  10  L/min. 
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dard Abbreviations  and  Symbols  [RespirCare  1997:42(6):637-642], 
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Submitting  the  Manuscript 
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Kallstrom,  Barbara  Wilson,  Gretchen  Lawrence,  Jon  Nilsestuen,  and  Sam  Giordano. 
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may  be  faxed  to  (972)  484-2720  or  (972)  484-6010. 


Method  of  Payment:    Z  Check  enclosed  in  the  amount  of  $_ 
Bill  my  credit  card:    G  Visa    D  MasterCard 


Purchase  Order  Number 


Card  Number 

AARC  Member  Number 
Name        


Expiration  Date  _ 


Signature  X 
Title  


Institution 

Billing  Address 
City/State/Zip . 


Send  Program  Materials  to  (if  different  from  above): 

Please  provide  street  address  for  UPS  shipments.  No  Post  Office  boxes. 

Name 


Telephone  Number  I 


Title 


Institution 

Street  Address 
City/State/Zip . 


Telephone  Number 


Site  Registration  (select  one  only):         Live  Television  Videoconference  or    [    Videotape  Teleconference  or    □  Videotape  Only 

Subscription  rates  do  not  include  both  the  Live  Television  Videoconference  Program  and  Videotape  Teleconference  Program.  Each  requires  a 
separate  registration  fee.  Registration  includes  connection  information,  course  material,  and  CRCE  packet  (for  live  and  teleconference  programs). 


AARC  Member  Rates: 

□  1  program  =  $275 

□  2  programs  =  $550 

□  3  programs  =  $825 

D  4  programs  =  $824 

($275  each) 

($275  each| 

($206  each) 

□  5  programs  =  $1,030 

□  6  programs  =  $1,236 

□  7  programs  =  $1 ,442 

O  8  programs  =  $1 ,104 

($206  each) 

($206  each) 

($206  each) 

($138  each) 

Nonmember  Rates: 

D  1  program  =  $330 

□  2  programs  =  $660 

□  3  programs  =  $990 

□  4  programs  =  $988 

($330  each) 

($330  each) 

($247  each) 

□  5  programs  =  $1,235 

□  6  programs  =  $  1 ,482 

□  7  programs  =  $1 ,729 

8  programs  =  $1,320 

($247  each) 

($247  each) 

($247  each) 

($165  each) 

Programs:   □ 

Program  1     Z   Program  II    □ 

Program  III    [     Program  IV 

1"  Program  V    D  Program  VI 

D  Program  VII    D  Program  VIII 

Reception  Via  (if  subscribing  to  live  program):       KU  analog       C  Band 


New  Products 
&  Services 


News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  while  photographs  to  RESPIRATORY  CARE  Journal.  New 
Products  and  Services  Dept,  I  1030  Abies  Lane.  Dallas  TX  75229-4593. 


Computer  Network.  The  Oxinet® 

II  central  station  network  for  remote 
monitoring  is  updated  by  Nellcor  Puritan 
Bennett.  The  network  is  specifically  de- 
signed to  work  with  the  Nellcor  Sym- 
phony N-3000  pulse  oximeter  and  the 
N-3 100  blood  pressure  monitor,  claims 
a  company  press  release.  The  network 
uses  a  radio-frequency  link  that  mon- 
itors as  many  as  30  patients  at  the  bed- 
side. (A  hardwire  hookup  is  available.) 
In  addition,  clinicians  can  view  and  print 
plethysmographs  and  electrocardiogram 
waveforms  from  the  central  display.  The 
network  also  has  a  thermal  printer  and 
can  automatically  print  during  an  alarm. 
For  more  information  about  this  system 
that  displays  information  in  English, 
French,  or  German,  circle  Reader  Ser- 
vice Number  160. 


'  m 


Asthma  Kit.  Monaghan  Medical  Cor- 
poration issues  the  Aero(  [ear™  kit.  The 
kit  includes  an  AeroChamher"  valved 
holding  chamber  for  metered  dose  in- 
haler therapy,  a  TruZone'  peak  How 
meter.  Asthma  Action  Flan  wallet  card, 
and  education  materials.  For  conve- 
nience and  active  patients,  the  kit  is  con- 
tained in  a  f.:nn\  pack.  Circle  Reader 
Service  Number  161  for  details. 


GERMICIDE.  Cetylite  Industries  Inc  in- 
cludes Cetylcide  II — a  hospital-level  dis- 
infectant germicidal  concentrate.  Ac- 
cording to  Cetylite.  the  concentrate 
makes  a  solution  that  is  a  broad-spec- 
trum, hospital  disinfectant  for  hard  sur- 
faces effective  against  64  pathogenic  or- 
ganisms including  HIV-1  and  the  hep- 
atitis B  virus.  The  concentrate  is  accepted 
by  the  U.  S.  Environmental  Protection 
Agency.  For  details,  circle  Reader  Ser- 
vice Number  162. 


Regulator  Decal  Kits.  Victor 

Medical  offers  the  E-Z  I.D.  decal  kit. 
The  kit  features  6  color-coded  decal 
strips  that  may  be  applied  for  identifi- 
cation to  aluminum  regulators  without 
anodizing.  Victor  Medical  claims.  The 
decals  are  available  in  a  variety  of  col- 
ors and  are  designed  for  easy  applica- 
tion and  long  life.  Each  decal  measures 
0.44  in.  x  3.5  in.  Victor  Medical  pro- 
\  ides  information,  circle  Reader  Service 
Number  163. 


MEDICAL  SOFTWARE  PACKAGE.  Cor- 
el Corporation  and  Williams  &  Wilkins 
launch  the  Medical  Edition  of  Corel  Of- 
fice Professional  7.  The  software  pack- 
age, according  lo  the  developers,  is  cus- 
tomized to  meet  the  needs  of  the  health 
care  profession  ami  to  work  in  the  Win- 
dow s  95 '  en\  ironment.  The  package 
includes  Corel  WordPerfect  7.  Corel 
Quattro  Pro  7.  Corel  Presentations  7. 
Stedmans  Electronic  Medical  Dic- 
tionary, and  Stedman's  Plus  Spell- 
checker.  In  addition,  the  package  in- 


cludes 20  QuickTasks  with  templates 
for  patient  records  and  forms:  templates 
and  style  guides  for  more  than  600 
health  care  journals;  20  master  tem- 
plates for  Corel  Presentations  7;  30 
medical  image  watermarks;  clip  art  and 
medical  illustrations;  and  QuickCon- 
nect  Internet  links  to  the  National  Li- 
brary of  Medicine,  Corel  Medical  Se- 
ries' web  page,  and  Corel  Photo  Stu- 
dio. In  order  to  operate  the  package  a 
personal  computer  486/66  or  higher; 
Windows  95,  NT  3.5,  or  4.0:  a  double- 
speed  CD-ROM  drive:  a  VGA  moni- 
tor; 16  MB  RAM,  and  162  MB  of  hard 
disk  space  are  needed  for  a  typical  in- 
stallation (27  MB  for  medical  com- 
ponents). Circle  Reader  Service  Num- 
ber 164  for  more  information. 


Portable  Liquid  Oxygen.  DeVil- 

biss  introduces  the  liquid  oxygen  port- 
able Wanderair  .5.  The  slim,  contoured, 
lightweight  unit  uses  PulseDose"  tech- 
nology and  offers  several  cryogenic  cou- 
pler styles.  Further,  the  company  claims 
that  the  unit  is  compatible  with  most  liq- 
uid oxygen  systems.  For  details  about 
the  system,  circle  Reader  Sen  ice  Num- 
ber 165. 


Patient  Education  Pamphlets. 

Pamphlets  and  printed  materials  relat- 
ed to  smoking  cessation  are  available 
from  Journeyworks  Publishing.  The  ti- 
tles feature  topics  to  help  smokers  quit 
and  ideas  to  persuade  young  people  to 
never  take  up  the  habit.  The  company 
says  it  offers  a  free  catalog  and  samples 
of  all  the  their  brochures,  including: 
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"Truth  or  Lies?  Young  Women  and 
Smoking,"  "How  To  Say  No  to  Sec- 
ondhand Smoke,"  "Eight  Ways  To  Say 
No  to  Smoking  without  Loosing  Your 
Friends,"  and  others.  To  order  a  cata- 
log or  to  receive  samples,  circle  Read- 
er Service  Number  166. 


Glutaraldehyde  User  Station. 

A  37  in.  wide  Glutaraldehyde  User  Sta- 
tion is  available  from  PCI  Medical  Inc. 
The  new  design  accommodates  larger 
soaking  and  rinsing  trays.  Because  the 
station  requires  no  duct  work,  it  is  easy 
to  install  on  countertops,  cabinets,  or 
carts,  the  company  claims.  In  addition, 
the  manufacturer  says,  the  station  has 
twin  blowers  that  draw  fumes  through 
a  carbon  filter,  and  the  fan  speed  in- 
creases automatically  w  hen  the  door  is 
opened.  An  optional  disposal  system  is 
available.  Circle  Reader  Service  Num- 
ber 167  for  more  information. 


Lactate  &  Blood  Gas  Analyzer. 

The  Radiometer™  ABL™  System  600 
series  is  now  available  from  the  man- 
ufacturer. The  unit  offers  a  new  inter- 
ference-free lactate  sensor  and  blood  gas 
analysis.  Radiometer  America  Inc  claims 
that  the  lactate  analyzer  resists  inter- 


ference from  oxidizable  compounds 
such  as  acetaminophen,  dopamine,  and 
salicylic  acid.  In  addition,  the  manu- 
facturer suggests  that  from  just  2 10  jih 
of  whole  blood,  flexible  combinations 
of  pH,  blood  gases,  CO-oximetry,  elec- 
trolytes, glucose,  and  lactate  can  be  re- 
corded; or,  in  as  little  as  one  drop  of 
blood,  it  can  measure  glucose  and  lac- 
tate, which  makes  it  suitable  for  use  in 
neonatal  and  pediatric  patients.  Circle 
Reader  Sen  ice  Number  1 68  for  details. 


Reader  Service  Number  1 70  for  details 
about  the  system. 
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MDI  Holding  Chamber.  The  Op- 

tiChamber*  Valved  Holding  Chamber 
for  use  with  metered  dose  inhaler  (MDI) 
asthma  medications  is  introduced  by 
HealthScan  Products  Inc.  The  chamber 
is  size  optimized  to  218  mL  for  better 
inhalation  of  particle-dose  medications. 
According  to  HealthScan,  the  bigger 
chamber  allows  for  less  sticking  of  the 
drug  to  the  chamber  walls  and  for  more 
time  to  inhale.  The  chamber  remains 
portable  and  easy  for  children  and  adults 
to  use.  For  details,  circle  Reader  Service 
Number  169. 


Catheter  Cleaning  System.  A 

closed  suction  system — Isocath™ — de- 
buts with  Vital  Signs  Inc.  The  Isocath, 
according  to  the  company,  allows  a 
catheter  to  be  cleaned  without  'lavag- 
ing'  the  patient,  and  it  provides  in- 
terruption-free Fio;  and  positive  end- 
expiratory  pressure.  With  the  Isocath. 
the  catheter  can  be  isolated  from  the 
airway,  torque  is  lessened  on  the  pa- 
tient's airway  through  the  use  of  a 
triple  swivel;  and  suctioning  control 
is  increased  with  an  open  thumb  port 
and  HEPA-filter  protection.  Circle 


Nebulizer  Compressor.  Precision 

Medical  now  supplies  the  EZ  Neb  Com- 
pressor. According  to  the  manufactur- 
er, the  compressor  is  designed  with  the 
home  care  market  in  mind.  The  light- 
weight unit  is  small  (7x6  3/4x3  7/8 
in.),  has  a  removable  filter  that  can  be 
washed  for  reuse,  and  is  protected  from 
overheating  by  a  thermal  fuse.  Further, 
the  unit  offers  a  head  pressure  of  47.5 
psi  and  a  flow  of  6.9  L/min.  Options, 
such  as  a  back  pack  and  a  carrying  case 
for  easy  transport,  are  available.  Circle 
Reader  Service  Number  1 7 1  for  details. 


ASPIRATOR.  A  new  heavy  duty  aspi- 
rator is  now  offered  by  Contemporary 
Products  Inc.  The  6260  Aspirator  is 
5 10(k)  approved  and  offers  adjustable 
vacuum  ranges  up  to  558  mm  Hg.  In- 
formation from  the  manufacturer  touts 
the  lightweight,  plastic  base,  sealed, 
water-tight  on/off  switch,  disposable 
canister  with  float  valve  to  prevent  over- 
flow, and  the  plastic  canister  that  can  be 
sterilized  via  autoclave.  Contemporary 
Products  offers  information;  circle  Read- 
er Service  Number  172. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue. 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies 
Lane,  Dallas  TX75220-4S01 


Device  Evaluation  from  the  Center  for 
Devices  &  Radiological  Health 

A  new  guidance  document  soliciting  public  comments 
on  the  labeling  of  medical  devices  is  available  in  the  Fed- 
eral Register. 

The  document,  provided  by  the  Center  for  Devices  and 
Radiological  Health's  Office  of  Device  Evaluation,  will 
allow  comment  for  90  days  from  April  25,  1997.  Com- 
ments can  be  mailed  to  Mr  Dan  Spyker,  CDRH,  9200  Cor- 
porate Boulevard,  HFZ-450,  Rockville  MD  20850,  e-mail: 
dxs@cdrh.fda.gov.  A  copy  of  the  guidance  document  may 
be  obtained  from  the  Facts-on-Demand  System  at 
www.fda.gov/cdrh/newpg.html. 

Telephone  Facts-on-Demand  at  (800)  899-0381  using 
the  prompts  press  "1"  for  DSMA  facts,  then  press  "2"  to 
order  a  document,  and  then  press  #119  for  the  number  of 
the  labeling  document. 

Final  Deadline:  October  1, 1997 

for  A ARC's  $1,000,000 

Research  Program 

Research  designed  to  study  the  relationships  between 
clinical  interventions  by  respiratory  care  professionals 
(RCPs)  and  the  outcomes  of  care  may  qualify  for  research 
grants  available  from  the  American  Association  for  Respi- 
ratory Care. 

The  agenda  for  this  research  project  includes  the  exami- 
nation of  the  outcomes  of  care  provided  by  RCPs  with 
expanded  roles  and/or  scope  of  practice  in  various  settings 
and  outcomes  of  systems  of  respiratory  care  services  deliv- 
ery in  various  settings.  The  researcher! s)  will  be  sent  a 
complete  application  when  the  "Research  Plan  Abstract" 
form  is  completed  and  approved. 

To  obtain  the  abstract  form  or  for  more  information, 
call  (972)  243-2272.  Hurry!  the  final  deadline  is  October 
I.  1997. 

ASTM  Standards  via  Fax 

The  American  Society  for  Testing  and  Materials 
(ASTM)  now  offers  WEBFAXX.  a  new  option  available  at 
http://www.astm.org  in  the  "Search  for  Standards"  area. 
Copies  of  the  standards,  once  requested,  can  be  sent  within 
10  minutes  to  any  fax  machine.  The  copies  cost  SO. 75  in 
the  United  States,  Canada,  and  Mexico  and  $1.50  in  all 
other  countries. 


E-mail  the  Editorial  Office 

Pat  Brougher,  Editor  brougher@aarc.org 

Kris  Williams,  Assistant  Editor        williams@aarc.org 
Linda  Barcus,  Editorial  Assistant     barcus@aarc.org 


Helpful  Web  Sites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

MEDLINE  on  HELIX 

http://www.helix.com 

Applied  Measurement  Professionals  Inc 

http://www.applmeapro.com 


r 


AjA      The  American  Academy  of  Pediatrics 

Cr  http://www.aap.org 

Extracorporeal  Life  Support  Organization 

http://www.med.umich.edu/elso/ 

US  Department  of  Health  and  Human  Services, 
,  A       Health  Advice 

(21*  http://www.healthfinder.gov 

Food  and  Drug  Administration 

http://www.fda.gov 

National  Asthma  Education  Prevention 
Program  Guidelines,  2nd  Edition 

http://www.nhlbi.nih.gov/nhlbi/lung/asthma/prof/ 
asthedln.htm 


Tuberculosis  Information 

http://www.umdnj.edu/ntbc 


Respiratory  Care  Special  Issue 

September  1997  issue  of  the  Journal  will  be  devoted  to 
education — respiratory  care  formal  programs  and  curricu- 
lum, continuing  and  in-service  education,  and  patient  edu- 
cation. For  more  details,  call  Kris  Williams.  Assistant  Edi- 
tor, (972)  406-4665. 
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Research  Grants  Available  for 
Health  Economics  &  Outcomes  Studies 

Researchers  can  receive  $5,000  to  SI 00.000  from 
Hoechst  Marion  Roussel  for  full  or  partial  funding  of  stud- 
ies in  cardiovascular  diseases,  neuroscience.  oncology, 
respiratory  diseases,  endocrinology,  rheumatology,  and  in- 
fectious diseases. 

To  be  eligible,  research  should  advance  knowledge  in 
health  outcomes  research,  or  investigate  health  outcomes 
related  to  a  specific  therapeutic  domain  or  product,  or 
compare  a  specific  therapeutic  domain  or  product  to 
another  intervention.  Proposals  are  being  accepted  through 
August  15,  and  recipients  will  be  selected  in  October. 

For  information,  contact  ACCORD  coordinator  Mary 
Miller.  Hoechst  Marion  Roussel.  Mail  Station  J3-M1728, 
10236  Marion  Park  Drive,  Kansas  City  MO  64137-1405. 
call  (816)  966-3780. 


Continuing  Education: 

Respiratory  Seminars  Available  on 

Cruise  Line 

Six  hours  of  CRCE  credits  can  be  earned  this  summer 
on  a  Gulf  cruise.  These  cruises  are  offered  through  D&D 
Travel,  which  is  owned  and  operated  by  respiratory  thera- 
pists. Scheduled  seminar  cruises  are  August  30  and 
September  20.  but  additional  cruises  can  be  scheduled  for 
groups  of  30  or  more.  For  more  information  call  toll  free 
(888)  882-22 10  or  e-mail  ddtravel@wf.net.  Or  see  them  on 
the  internet  at 

http://www.adverworld.com/ID/0016/9444/index. hi  m  I 

or 

http://www.adverworld.com/expresspress/ddtravel 


The  National  Board  for  Respiratory  Care — 1997  Examination  Dates  and  Fees 


Examination 
CRTT  Examination 


RRT  Examination 


RPFT  Examination 


Examination  Date 

July  12,  1997 

Application  Deadline:  May  1.  1997 

Novembers.  1997 

Application  Deadline:  September  1.  1997 

December  6.  1997 

Application  Deadline:  August  1.  1997 

December  6.  1997 

Application  Deadline:  September  1.  1997 


Examination  Fee 

11)0 

(new  applicant) 

6(1 

(reapplicant) 

KM) 

(new  applicant) 

60 

(reapplicant) 

210 

(new  applicant) 

170 

(reapplicant) 

160 

(new  applicant) 

130 

(reapplicant) 

For  information  about  other  sen  ices  or  fees,  write  to  the 
National  Board  for  Respiratory  Care.  8310  Nieman  Road.  Lenexa  KS  66214.  or  call  (913)  599-4200.  FAX  (913)  541-0156,  email  nhre-info@nbrc.org. 


Hurry!  You  have  almost  missed  the  Summer  Forum  in 

Phoenix,  Arizona 
July  25-27 

Program  &  registration  information  available  in  the  April  1997  AARC  Times 
or  on  our  website  at  www.aarc.org 
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Its  easy  to  see  why  TheraPEP*  is  becomini 
the  PEP  therapy  device  of  choice. 


Easy  to  use. 

COPD  patients  can  mastet  Positive  Expiratory  Pressure  therapy  quickly,  and  maintain  an  effective  continuum  of  care  away  from  hospital. 
TheraPEP  improves  secretion  clearance,  facilitates  opemng  of  airways  and  may  be  used  tor  the  treatment  of  atelectasis. 

Easy  to  tolerate. 

TheraPEP  may  reduce  the  need  for  postural  drainage,  and  is  ideal  for  patients  unable  to  tolerate  conventional  chest  physiotherapy. 

Easy  to  read. 

Highly  visible  pressure  indicator  provides  immediate,  visual  feedback  from  any  angle. 

Easy  to  adjust. 

Six  fixed  orifice  options  allow  physicians  to  prescribe  appropriate  flow  resistance  levels  for  each  patient. 

Easy  to  carry. 

Draw-string  bag  lets  patients  carry  TheraPEP  conveniently  and  discreetly. 

Easy  to  clean. 

Durable  plastic  construction,  removable  base,  and  linear,  valved  resistor  promotes  easy  cleaning. 

Easy  to  order. 

To  order  your  TheraPEP,  or  a  free  catalog  of  DHD  quality  respiratory  care  products,  call  toll-free  today. 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


NEW,  Advanced  ASPXR-PULSB    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pulsation  techniques 


NEW,  Purge  Guard 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  One-Handed  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte 

Precision  Heparin 


nvi 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


See  your  Sherwood  Medical  O.R./Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPtn-Pu/se    Arterial  Blood  Gas  Kits. 
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